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ABSTKACT
U l t r a v i o l e t  p h o t o e l e c t r o n  s p e c t r a  (UPS) o f  a  s e r i e s  o f  d i c a r b o x y l  
compounds and  a s e r i e s  o f  p h o s p h o r u s  compounds w e re  o b t a i n e d .
The i n v e s t i g a t i o n  o f  d i c a r b o x y l  compounds was u n d e r t a k e n  t o  s t u d y  
t h e  i n t e r a c t i o n  o f  t h e  c a r b o n y l  oxygen  l o n e - p a i r  o r b i t a l s .  I n  a d i c a r ­
b o x y l  compound,  t h e  n MO's,  w h ich  a r e  d e s i g n a t e d  n+ and  n _ ,  a r e  s p l i t  by 
" t h r o u g h - b o n d "  i n t e r a c t i o n  w i t h  t h e  a MO's w h ich  i n t e r v e n e  b e t w e e n  t h e  
c a r b o x y l  g r o u p s .  The s p e c t r a  o f  t h e s e  compounds w ere  i n t e r p r e t e d  i n  
t e rm s  o f :
( i )  The " t h r o u g h - b o n d "  n a t u r e  o f  t h e  i n t e r a c t i o n s  i n v o l v i n g  n -  
MO's i n  d i c a r b o x y l  compounds .
( i i )  The " t h r o u g h - s p a c e "  n a t u r e  o f  t h e  i n t e r a c t i o n . b e t w e e n  TTg MO's 
o f  t h e s e  compounds.
( i i i )  The e f f e c t  o f  O - a l k y l a t i o n  on TTg -  MO.
( i v )  The " c o m p o s i t e - m o l e c u l e "  a p p r o a c h .
The UPS o f  a  s e r i e s  o f  p h o s p h o ru s  compounds w ere  o b t a i n e d  and 
t h e  MO a s s i g n m e n t s  made.  The c h a n g e s  i n  t h e  s p e c t r a l  f e a t u r e s  o f  
p h o s p h i t e s  r e l a t i v e  t o  t h o s e  o f  t h e  p h o s p h a t e s  can  be  e x p l a i n e d  i n  
t e rm s  o f  a - d o n a t i o n  and I T - a c c e p t a n c e  p r o p e r t i e s  o f  p h o s p h i t e s .  F i n a l l y ,  
t h e  e f f e c t s  o f  s u b s t i t u t i o n  as w e l l  as  symmetry  l o w e r i n g  can  be  u t i l i z e d  
t o  r a t i o n a l i z e  t h e  ch a n g e s  i n  s p e c t r a  i n  g o in g  f rom p h o s p h a t e s  t o  s u b ­
s t i t u t e d  p h o s p h a t e s .
CHAPTER I  
INTRODUCTION
1
I n  r e c e n t  y e a r s  U l t r a v i o l e t  P h o t o e l e c t r o n  S p e c t r o s c o p y  (UPS) has  
e v o l v e d  i n t o  one o f  t h e  more u s e f u l  t e c h n i q u e s  f o r  e l u c i d a t i n g  m o l e c u l a r  
e l e c t r o n i c  s t r u c t u r e .  The u t i l i t y  i n v e s t e d  i n  t h e  UPS t e c h n i q u e  i s  im­
b edded  i n  t h e  f o l l o w i n g  two c o n s i d e r a t i o n s :
( i )  The UPS e x p e r i m e n t  i s  e a s i l y  perfo rmed. '* '  However ,  i n  t e rm s
o f  p r e c i s i o n ,  UPS d a t a  a r e  i n f e r i o r  t o  t h o s e  o b t a i n a b l e  by  t h e  s e r i e s -
2l i m i t i n g  t e c h n i q u e  o f  R ydbe rg  s p e c t r o s c o p y .  U n f o r t u n a t e l y ,  t h e  t i m e -  
consum ing  n a t u r e  o f  the l a t t e r  m e th o d o lo g y  r e d u c e s  i t s  a p p l i c a b i l i t y .
( i i )  UPS d a t a  a r e  a m e n a b le ,  v i a  Koopmans1 Theorem , t o  s t r a i g h t ­
f o r w a r d  t h e o r e t i c a l  i n t e r p r e t a t i o n .  A c c o r d i n g  t o  Koopmans1 Theorem, 
i o n i z a t i o n  e n e r g i e s ,  o b t a i n e d  f rom  UPS, a r e  e q u a l  ( b u t  o p p o s i t e  i n  
s i g n )  t o  t h e  c a n o n i c a l  e i g e n v a l u e s  o b t a i n e d  by  a  S e l f - C o n s i s t e n t -  
F i e l d  M o l e c u l a r  O r b i t a l  (SCF-MO) p r o c e s s i n g .  To t h e  e x t e n t  t h a t  t h e  
th e o re m  i s  c o r r e c t  ( i . e . ,  t h a t  t h e  SCF-MO p r o c e s s i n g  i s  v a l i d ) ,  UPS 
d a t a  p r o v i d e  d i r e c t  m e asu re m en t  o f  t h e  e n e r g i e s  o f  t h e  f i l l e d  m o l e c u l a r  
o r b i t a l s  o f  t h e  g round s t a t e .  I n d e e d ,  MO c a l c u l a t i o n s ,  e v e n  i f  t h e y
a r e  o f  much l o w e r  q u a l i t y  t h a n  SCF-MO, a p p e a r  t o  be  a  n e c e s s a r y  a p -
i.
p u r t e n a n c e  t o  a l l  i n t e r p r e t i v e  UPS e f f o r t s .
U n f o r t u n a t e l y ,  s i n c e  Koopmans'  Theorem i n c o r p o r a t e s  two a p p r o x ­
i m a t i o n s ,  i t  may be  l e s s ,  g e n e r a l  t h a n  d e s i r e d .  T h es e  a p p r o x i m a t i o n s  
a r e :
-  -  -  -  I t  i s  assumed t h a t  t h e  o r b i t a l s  o f  t h e  c a t i o n i c  c o r e  a r e  
i d e n t i c a l  t o  t h o s e  o f  t h e  n e u t r a l  m o l e c u l e  ( i . e . ' ,  no e l e c t r o n i c  r e ­
o r g a n i z a t i o n  a c c o m p a n ie s  e l e c t r o n  r e m o v a l ) .
-  -  -  -  I t  i s  as sumed t h a t  t h e  c o r r e l a t i o n  e n e r g y  r e m a i n s  u n ­
a l t e r e d  i n  g o in g  f rom t h e  m o l e c u l e  t o  t h e  c a t i o n .
F o r  v a l e n c e - s h e l l  o r b i t a l s ,  t h e  r e o r g a n i z a t i o n  and  c o r r e l a t i o n  e n e r g y
t e n d  t o  c a n c e l  each,  o t h e r .  T h u s ,  e v e n  t h o u g h ,  Koopmans '  Theorem 
may n o t  b e  t h e o r e t i c a l l y  r i g o r o u s ,  i t s  s u c c e s s  i n  t h e  i n t e r p r e t a t i o n  
o f  UPS d a t a  i s ,  t o  a  l a r g e  e x t e n t ,  a t t r i b u t a b l e  t o  t h e s e  f o r t u i t o u s  
c i r c u m s t a n c e s .
T h i s  w ork  i s  c o n c e r n e d  w i t h  UPS s t u d i e s  o f  d i c a r b o x y l i c  a c i d s  
and  p h o s p h o r u s  compounds .  The p u r p o s e  o f  t h i s  work  i s  t w o f o l d ;
( a )  To m e a s u r e  and  a s s i g n  t h e  l o w - e n e r g y  i o n i z a t i o n  e v e n t s  i n  
t h e  d i c a r b o x y l i c  a c i d s  and t o  a d d u c e  r u l e s  c o n c e r n i n g  t h e  d e p e n d a n c e  
o f  n-MO s p l i t t i n g s  o h  t h e  c a r b o x y l  g ro u p  s e p a r a t i o n s .  I n  v i e w  o f  t h e  
i m p o r t a n c e  o f  t h e  compounds c o n t a i n i n g  d i c a r b o x y l  g r o u p s  i n  c h e m i s t r y  
and  b i o c h e m i s t r y ^ ,  s u c h  a s t u d y  seem s  t i m e l y .
(b)  To m e a s u r e  and  a s s i g n  t h e  l o w - e n e r g y  i o n i z a t i o n  e v e n t s  i n  
p h o s p h o r u s  com pounds .  A l t h o u g h  p h o s p h o r u s  compounds a r e  b i o l o g i c a l l y  
u b i q u i t o u s ,  l i t t l e  o r  no d i s c u s s i o n  o f  t h e i r  e l e c t r o n i c  s t r u c t u r e  
e x i s t s .
S i n c e  t h e s e  compounds e x h i b i t  d i f f u s e  UP s p e c t r a  and p o s s e s s  l i t t  
o r  no f i n e  s t r u c t u r e ,  a s s i g n m e n t  o f  t h e s e  s p e c t r a  p r e s e n t s  some d i f ­
f i c u l t i e s .  C o n s e q u e n t l y ,  t h e  u s e f u l  a s s i g n m e n t  c r i t e r i a  v e s t e d  i n  
v i b r o n i c  s t r u c t u r e  and  p e r f l u o r o - e f f e c t  c o n s i d e r a t i o n s  a r e  i n a p p l i ­
c a b l e ,  and  o t h e r  l e s s - p r e c i s e  m e th o d s  m us t  be  p r e s s e d  i n t o  s e r v i c e .
A b r i e f  d e s c r i p t i o n  o f  t h e s e  l a t t e r  a s s i g n m e n t  c r i t e r i a  seems a p p r o ­
p r i a t e  a t  t h i s  s t a g e .  They  a r e :
A . l  C o r r e l a t i v e  S t u d i e s : UPS d a t a  f o r  g r o u p s  o f  s i m i l a r  m o l e ­
c u l e s  e x h i b i t  a c e r t a i n  d e g r e e  o f  r e l a t e d n e s s .  A t r e n d  i n  i o n i z a t i o n  
e n e r g i e s  may d e v e l o p  a s  a to m s  o r  g r o u p s  a r e  I n s e r t e d  I n t o  o r  a p p e n d e d  
o n t o  t h e  m o l e c u l e  o r  m o l e c u l e s  o f  i n t e r e s t .  T h e s e  t r e n d s ,  w h ic h  
s h o u l d  a l s o  b e  r e p r o d u c i b l e  i n  an  MO c o m p u t a t i o n a l  mode,  c a n  be  u s e d
t o  i n f e r  t h e  n a t u r e  o f  t h e  v a r i o u s  i o n i z a t i o n  e v e n t s .
A. 2 0 - A l k y l a t i o n  S h i f t s : T h o s e  i o n i z a t i o n  e v e n t s  w h ic h  remove  
one  e l e c t r o n  f rom  a -COOH g r o u p  a r e  h e a v i l y  i n f l u e n c e d  by c o n v e r s i o n  
o f  t h e  a c i d  i n t o  t h e  e s t e r .
A . 3 M o n o e s t e r i f i c a t i o n : The i o n i z a t i o n  e v e n t s  w h ic h  a r e  a s s o c ­
i a t e d  w i t h  r e m o v a l  o f  a n  e l e c t r o n  f rom  t h e  tTq MO, ( i . e . ,  t h e  MO 
w h ic h  i s  l a r g e l y  l o c a l i z e d  on t h e  s u b s t i t u e n t  a t  t h e  c a r b o n y l  c e n t e r )  
a r e  f o r m a l l y  d e g e n e r a t e  i n  t h o s e  d i c a r b o x y l i c  a c i d s  i n  w h ic h  t h e  a c i d  
g r o u p s  a r e  s e p a r a t e d  by  a t  l e a s t  one  c a r b o n  a to m .  H ow ever ,  mono-  
e s t e r i f i c a t i o n  s e l e c t i v e l y  a f f e c t s  one  o f  t h e  c a r b o x y l  g r o u p s  and 
e l i m i n a t e s  t h i s  d e g e n e r a c y .
A . 4 " T h r o u g h  B o n d " I n t e r a c t i o n s : The  i n t e r a c t i o n  w h ic h  l i f t s
t h e  d e g e n e r a c y  o f  t h e  two f o r m a l l y - d e g e n e r a t e  n o r b i t a l s ,  w h ic h  a r e  
l a r g e l y  o f  2 p - t y p e  and  l o c a l i z e d  on  t h e  oxy g en  c e n t e r ,  v i a  t h e i r  
c o u p l i n g  t h r o u g h  t h e  s k e l e t a l  a - f r a m e w o r k  i s  c a t e g o r i z e d  a s  " t h r o u g h -
g
bond"  i n t e r a c t i o n .  T h i s  i n t e r a c t i o n  i s  t h e  p r i m a r y  c a u s e  o f  t h e
o b s e r v e d  s p l i t t i n g  o f  t h e  n-MO's i n  t h e  d i c a r b o x y l i c  a c i d s .  F o r t u n a t e l y ,
9
c e r t a i n  e m p i r i c a l  r u l e s  c o n c e r n i n g  t h i s  s p l i t t i n g  a r e  a v a i l a b l e .
A . 5 The C o m p o s i t e  M o l e c u l e  A p p r o a c h : A c o m p o s i t e  m o l e c u l e
a p p r o a c h  b a s e d  on t h e  a v a i l a b i l i t y  o f  good UPS a s s i g n m e n t s  f o r  t h e  
m o n o c a r b o x y l i c  a c i d s  can. :.be u s e d  t o  s u b s t a n t i a t e  t h e  a s s i g n m e n t s
made on  t h e  b a s i s  o f  c r i t e r i a  A . 1 -4  f o r  t h e  d i c a r b o x y l i c  a c i d s .
A . 6 Quantum C h e m ic a l  C a l c u l a t i o n s : S e m i - e m p i r i c a l  c o m p u t a t i o n a l
schem es  ( s u c h  a s  a r e  p r o v i d e d  by t h e  CNDO/2 ^  and C N D O /s ^  a l g o r i t h m s )  
can  be  u s e d  i n  an  a t t e m p t  t o  p r o v i d e  a  c o u n t e r p a r t  f o r  t h e  i n d i v i d u a l  
e x p e r i m e n t a l  s p e c t r a .
C h a p t e r  2 i s  c o n c e r n e d  w i t h  UPS s t u d i e s  o f  d i c a r b o x y l i c  a c i d s .
C h a p t e r  3 d e a l s  w i t h  UPS s t u d i e s  o f  p h o s p h o r u s  com pounds .
CHAPTER II
ULTRAVIOLET PHOTOELECTRON SPECTROSCOPY OF DICARBOXYLIC ACIDS
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INTRODUCTION
D i c a r b o x y l i c  a c i d s  a r e  a b u n d a n t  i n  n a t u r e ,  b o t h  a s  l i g a n d s  and  as
a n i o n s  i n  t h e  K rebs  c y c l e .  S i n c e  t h e y  a r e  r e a d i l y  v o l a t i l e ,  t h e y  a r e
c l e a r l y  am enab le  t o  UPS s t u d i e s .  S i n c e  t h e y  a r e  b i o l o g i c a l l y  i m p o r t a n t ,
i t  i s  odd t h a t  so  l i t t l e  UPS work  h a s  b e e n  i n v e s t e d  i n  them .  T h i s  i s
a l l  t h e  more s u r p r i z i n g  b e c a u s e  UPS i n v e s t i g a t i o n s  o f  o t h e r  m o n o c a r -
12—18b o n y l s  and  d i c a r b o n y l s  a r e  r a t h e r  p l e n t i f u l .
The two h i g h e s t - e n e r g y  o c c u p i e d  MO's (HOMO's) o f  s i m p l e  d i c a r -
12 12  2 A*b o n y l s  a r e  t h e  n MO's,  w h ich  a r e  l i n e a r  c o m b i n a t i o n s  ’ ’ o f  oxygen
n o n - b o n d i n g  2p a t o m i c  o r b i t a l s  n^  and  n ^ .  F o r  s y m m e t r i c a l  d i c a r b o n y l s ,  
t h e s e  two HOMO's can  be  d e s c r i b e d  by t h e  s y m m e t r y - a d a p t e d ,  s e m i -  
l o c a l i z e d ^ ^ ’ ^^ f u n c t i o n s :
n+  = ( n i  + n 2 }
n+ = —T j  ( n 1  -  n 2)
w he re  t h e  s u b s c r i p t s  + / -  r e f e r  t o  p h a s i n g .
I n  t h e  z e r o t h - o r d e r  a p p r o x i m a t i o n ,  t h e s e  f u n c t i o n s  a r e  d e g e n e r a t e .  
F o r  n o n - s y m m e t r i c a l  d i c a r b o n y l  compounds,  t h e  c o r r e s p o n d i n g  s e t  o f  
f u n c t i o n s  i s  n o n - d e g e n e r a t e  e v e n  i n  t h e  z e r o t h  o r d e r .
The p u r p o s e  o f  t h i s  work f o l l o w s :
( i )  To e l i c i t  t h e . n a t u r e  o f  t h e  i n t e r a c t i o n s  w h ich  remove t h e  
n+ /n_  z e r o t h - o r d e r  d e g e n e r a c y .
( i i )  To e l i c i t  t h e  d e p e n d e n c e  o f  t h e  n-MO s p l i t t i n g  on t h e  s e p a r ­
a t i o n  o f  t h e  c a r b o x y l  g r o u p s .
( i i i )  To d e t e r m i n e  t h e  e n e r g e t i c  o r d e r  o f  t h e  n+ and n MO's 
w h ich  r e s u l t  from t h e  s p l i t t i n g .
( i v )  To a s s i g n  t h e  ITq i o n i z a t i o n  e v e n t s  a s s o c i a t e d  w i t h  t h e  
c a r b o x y l  g r o u p s .
The i n t e r a c t i o n s  o f  i t e m  ( i ) ,  h a v e  b e e n  e x p l a i n e d  s a t i s f a c t o r i l y  
i n  t e rm s  o f  t h e  h e u r i s t i c  c o n c e p t  o f  " t h r o u g h - b o n d "  i n t e r a c t i o n . ^  
C o n s e q u e n t l y ,  o u r  e f f o r t s  w i l l  f o c u s ,  a l m o s t  e x c l u s i v e l y ,  on i t e m s  ( i i ) ,
( i i i )  and ( i v ) .
The m a g n i t u d e  o f  t h e  i n t e r a c t i o n ,  d e f i n e d  a s  A I(n)  = j l ( n  )-■ I ( n  ) | ,
d e c r e a s e s  p r o g r e s s i v e l y  a s  t h e  s e p a r a t i o n  b e t w e e n  t h e  c a r b o x y l  g r o u p s  
29i n c r e a s e s .  A I(n)  i s  ~ 2 ,  ~ 0 . 5 ,  ~ 0 . 3 ,  ~ 0 . 0  and  ~-O.OeV f o r  a - ,  3 - ,  y ,
6 -  and e - d i c a r b o x y l i c  a c i d s ,  r e s p e c t i v e l y .
E m p i r i c a l  r u l e s  w h ic h  r e l a t e  t h e  e n e r g e t i c  o r d e r  o f  t h e  I ( n  ) and
29I ( n _ )  e v e n t s  t o  m o l e c u l a r  s t r u c t u r e  have  b e e n  d e t a i l e d .  S i n c e  m o l e c ­
u l a r  o r b i t a l  c o m p u t a t i o n s  f o r  t h e  d i c a r b o x y l i c  a c i d s  s u p p o r t  t h e  v a l i d i t y  
o f  t h e s e  same r u l e s  f o r  t h e  d i c a r b o x y l i c  a c i d s ,  we w i l l  make e x t e n s i v e  
u s e  o f  them.
The TT0  MO’s o f  a d i c a r b o x y l i c  a c i d  a r e  a l s o  d e g e n e r a t e  i n  z e r o t h -  
o r d e r .  B e f o r e  we d i s c u s s  t h e  i n t e r a c t i o n s  o f  t h e  TTq MO's a d e s c r i p t i o n  
o f  them a p p e a r s  t o  be i n  o r d e r .  The TTq MO i s  a k i n  t o  t h e  "i .MO'" i n
30m o l e c u l e s  l i k e  a n i l i n e  o r  p h e n o l .  The iTq MO com puted  f o r  fo rm am ide
i s  shown i n  F i g u r e  1 .  I n  o - d i c a r b o x y l i c  a c i d s ,  t h e  f o r m a l l y - d e g e n e r a t e
TTq MO's on e a c h  c a r b o x y l  g ro u p  i n t e r a c t  by  " t h r o u g h  s p a c e "  means  t o
31p r o d u c e  1L  and  TL MO's w h ic h  a r e  no l o n g e r  d e g e n e r a t e .  But a s  t h eC/ u
d i s t a n c e  o f  s e a r a t i o n  b e t w e e n  t h e  c a r b o x y l  g r o u p s  i n c r e a s e s ,  t h e  mag­
n i t u d e  o f  t h e  " t h r o u g h - s p a c e "  i n t e r a c t i o n  b e t w e e n  t h e  TTq MO's d e c r e a s e s ,  
r e s u l t i n g  i n  t h e  n a r r o w i n g  o f  t h e  e n e r g y  gap b e t w e e n  t h e  TL and TL MO's.
w  d
C o n s e q u e n t l y ,  TT^  and TTq i o n i z a t i o n  e v e n t s  i n  3 - ,  y - , 5, and s -  d i c a r b o ­
x y l i c  a c i d s  a r e  e f f e c t i v e l y  d e g e n e r a t e .  The TL. and TL MO n o t a t i o n  f o r  
s y m m e t r i c a l  d i s u b s t i t u t e d  d i c a r b o x y l i c  a c i d s  i s  e n u m e r a t e d  i n  T a b l e  1.  
T h i s  n o t a t i o n ,  w h i l e  i n e x a c t  f o r  u n s y m m e t r i c a l  d i c a r b o x y l  compounds s u c h
F i g u r e  1:  M o l e c u l a r  o r b i t a l  o f  TT^-type f o r  fo rm am id e ,  a s  g e n e r a t e d
30i n  a  CNDO/s c a l c u l a t i o n .  Numbers ab o v e  t h e  TT l o b e s  r e f e r  t o  MO 




-11 .23  eV; 2 a "  ( Cs ) ; tt0
a s  s u c c i n a m i c  a c i d ,  w i l l  be u sed  b e c a u s e  o f  t h e  l a c k  o f  a b e t t e r .
TABLE I
.TL and TL MO's of DICARBOXYLIC ACID3
t r U
Compound Type Numbering System TT^ MO Description TTpMO Description
Symmetric 
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C x £ .Cv ,
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MO(l)2345678(9)
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0 6 4 
19 X C c C A (l)
,inv / « \  /' \ / \ /(10) o c c c
7 S 1 J 
°2
MO (1)23456789(10)
( — ) -H— -+-1-— 1—1- ( — )
MO (1)234 5 6 789(10)
(-)++- ( • ) ( • )4-—  (+)
aThis Table, constructed after D. b . Larson.32 has been modified considerably. Hydrogen atoms are not in
eluded lor convenience. The 4- and - signs refer to phasing of the wavefunction on the various atomic cen­
ters. The use of a bracketed dot indicates zero or near-zero amplitudes on the center in question.
I . EXPERIMENTAL
The He I  p h o t o e l e c t r o n  s p e c t r a  w e re  r e c o r d e d  w i t h  a P e r k i n - E l m e r  PS 
18 c y l i n d r i c a l  e l e c t r o s t a t i c - f i e l d  d e f l e c t i o n  a n a l y z e r  w i t h  1 0 -cm r a d i u s  
The compounds w e re  i o n i z e d  w i t h  584A (21 .22e V )  He I  r a d i a t i o n .  The 
e j e c t e d  e l e c t r o n s  w e re  d e t e c t e d  by a B e n d i x  " c h a n n e l t r o n "  e l e c t r o n  
m u l t i p l i e r .  S o l i d  s a m p l e s  w e re  s u b l i m e d  i n  a  h e a t e d  p r o b e ,  t h e  temp­
e r a t u r e  o f  w h ich  was m a i n t a i n e d  c o n s t a n t  t o  \ t f i t h i n  +2°C d u r i n g  e a c h  
s p e c t r a l  r u n .  The 3 p anc  ^ -*-a n e s  Xe anc* w e re  u s e d  t o  c a l ­
i b r a t e  t h e  s p e c t r a .  The r e s o l u t i o n  p r i o r  t o  e a c h  r u n  was 20-25meV.
A l l  s o l i d  s a m p l e s  w e re  p u r i f i e d  by vacuum s u b l i m a t i o n .  E t h y l
33m a l o n a t e  was p r e p a r e d  a c c o r d i n g  t o  t h e  p r o c e d u r e s  o f  F o u r n e a u .
Quantum m e c h a n i c a l  c a l c u l a t i o n s  w e re  p e r f o r m e d  i n  t h e  QCPE 141-  
CNLO/2^^ and QCPE 174 -  CNDO/s"^ a l o g r i t h m i c  modes.
I I .  THE INTERACTION MODEL
The i n d i v i d u a l  l o n e  p a i r  AO's on t h e  c a r b o n y l  o x y g e n s ,  n^  and 
n ? a r e  combined  i n  l i n e a r  f a s h i o n  t o  y i e l d  n+ /n _  MO's w h ich  a r e  se m i ­
l o c a l i z e d  and d e g e n e r a t e  i n  t h e  z e r o t h - o r d e r . S i n c e  t h e  " t h r o u g h -
12 15s p a c e "  i n t e r a c t i o n  b e tw e e n  n^  and n^ i s  i n s i g n i f i c a n t l y  s m a l l ,  ’ 
t h e  re m o v a l  o f  d e g e n e r a c y  i s  a l m o s t  t o t a l l y  m e d i a t e d  by " t h r o u g h -  
bond"  i n t e r a c t i o n s .  The n+ / n  MO's i n t e r a c t  w i t h  e a c h  o t h e r  t h r o u g h  
t h e  c o n n e c t i n g  s k e l e t a l  a j  o r b i t a l s .  The c h a r a c t e r i s t i c s  o f  s u c h  a 
model  a r e ;
( i )  The i n t e r a c t i n g  n+ /n _  MO's and a j  o r b i t a l s . must  t r a n s f o r m  
i d e n t i c a l l y  u n d e r  t h e  o p e r a t i o n s  o f  t h e  m o l e c u l a r  p o i n t - g r o u p .
( i i )  The m a g n i t u d e  o f  t h e  n +/ n  and o\  i n t e r a c t i o n s  s h o u l d  v a r y  
i n v e r s e l y  a s  t h e  z e r o t h - o r d e r  e n e r g y  s e p a r a t i o n  o f  t h e  n+ / Q_ an<  ^ a^
MO's .  C o n s e q u e n t l y ,  t h e  v i r t u a l  o r b i t a l  s e t ,  w h ic h  i s  o f  h i g h  e n e r g y  
b e c a u s e  o f  i t s  a n t i b o n d i n g  n a t u r e ,  w i l l  n o t  p l a y  a n y  s i g n i f i c a n t  r o l e .
( i i i )  The m a g n i t u d e  o f  t h e  o v e r l a p s  ( n + o \  ) and ( n  c^) d e t e r m i n e s  
t h e  i n t e r a c t i o n  m a t r i x  e l e m e n t s .  H ence ,  t h e  i n t e r a c t i o n  i s  d e p e n d e n t  
t o  a  l a r g e  e x t e n t  on  t h e  a m p l i t u d e  o f  o \  i n  t h e  p r o x i m i t y  o f  t h e  c a r ­
b o n y l  g r o u p s .
A. cy -D ic a rb o x y l  Compounds.  O ' - D i c a r b o x y l i c  a c i d s  and r e l a t e d  compounds
31h ave  b e e n  s t u d i e d  r a t h e r  e x t e n s i v e l y .  T h u s ,  we s h a l l  l i m i t  o u r s e l v e s  
t o  a s h o r t  summary o f  t h e i r  c h a r a c t e r i s t i c s .
( i )  The m a g n i t u d e  o f  " t h r o u g h - b o n d "  i n t e r a c t i o n  i s  l a r g e s t  i n  
cy-di c a r  b o x y  l i e  a c i d s  and  r e l a t e d  com pounds .  F u r t h e r m o r e ,  t h e  mag­
n i t u d e  o f  i n t e r a c t i o n  i s  n o t  p a r t i c u l a r l y  s e n s i t i v e  t o  t h e  d i h e d r a l  
a n g l e s  b e t w e e n  t h e  c a r b o x y l  u n i t s .  An i n t e r a c t i o n  scheme w h ic h  t y p i f i e s  
a c i s - e y - d i c a r b o n y l  compound i s  shown i n  F i g u r e  2.  The same scheme 
i s  e q u a l l y  v a l i d  f o r  t r a n s - d i c a r b o x y l  compounds .  From symmetry  con ­
s i d e r a t i o n s ,  o n l y  t h e  n^  MO c a n  mix w i t h  t h e  c  s k e l e t a l  o r b i t a l .
H ence ,  t h e  p r e d i c t e d  o r d e r  i s  ( n ^ )  > ( n ° ) . (The s u p e r s c r i p t s  " a "  
and  " o "  i n d i c a t e  " m i x i n g "  and "no m i x i n g " ,  r e s p e c t i v e l y ,  w i t h  t h e  
a  s k e l e t a l  o r b i t a l s . )
( i i )  The CNDO/s MO d i a g r a m  f o r  o x a l i c  a c i d  ( t r a n s )  i s  p r e s e n t e d  
i n  F i g u r e  3 .  The e x p e r i m e n t a l  v a l u e  o f  t h e  n ^ / n °  s p l i t t i n g  i s  t y p i c a l l y  
~ 1 . 9 e V ,  a s  i s  d e m o n s t r a t e d  i n  T a b l e  2.
( i i i )  The f o r m a l l y - d e g e n e r a t e  TT^  MO's s p l i t .  The s p l i t t i n g  o f  TTq MO1
F i g u r e  2 .  S c h e m a t i c  d i a g r a m  o f  t h r o u g h - b o n d  o r b i t a l  i n t e r a c t i o n s  i n  
a - d i c a r b o n y l s . c i s - C a r b o n y l  u n i t s  a r e  shown, b u t  t h e  r e s u l t s  a r e  
g e n e r a l  f o r  any  d i h e d r a l  a n g l e .
ENERGY ( SCHEMATI C)
' l lT










F i g u r e  3.  S c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  n MO's o f  o x a l i c  a c i d .
LCAO MO c o e f f i c i e n t s  a r e  a l s o  shown.  The CNDO/s c o m p u t a t i o n s  w e re














VERTICAL IONIZATION ENERGIES (eV) FOR THE 
NON-BONDING MO's OF a-DI-CARBOXYL COMPOUNDS 
(The d i f f e r e n c e  An i s  d e f i n e d  a s  An=s-I(n^) - I ( n ° )  )-r —
Number
I n d e x Compound
I ( n J ) I ( n ° ) An
1 . HOOCCOOH3 1 1 . 2 0 1 3 . 2 5 2 . 0 5
2. CH300CC00CHa 1 0 . 3 0 1 1 . 7 4 1 . 4 4
3. CoHc00CC00CoHa 2 5 2 5
1 0 . 1 9 1 1 . 4 1 1 . 2 2
4. NH2 (0)CCOOHa 1 0 . 5 1 1 2 . 4 0 1 .8 9
5. C2H5OOCCONH2b 9 . 8 5 1 1 . 7 3 1 . 8 8
6 . c 2h5 ooccon( ch3 ) 2 9 . 3 1 1 1 . 0 9 1 . 7 8
7. C2H5OOCCOCAb 1 0 . 7 7 1 2 . 7 6 1 .9 9
8 . (Ch 3) n h ( o) c c ( 0 ) n h ( ch3) c 9 . 3 3 1 1 . 2 0 - 1 .8 7
9 . ( ch3) n ( 0 ) c c ( 0 ) n ( ch3) 2 - 9 . 0 1 0 . 9 9 - 1 . 9 9
a .  J .  L.  Meeks ,  J .  F .  A r n e t t ,  D. B. L a r s o n  and  S. P .  McGlynn,
Amer . Chem. -Hoc. , 9_7, 3905 (1975)  .
b .  J .  L.  Meeks and  S.  P .  McGlynn,  S p e c t r o s c o p . L e t t e r s ,  8_, 439
( 1 9 7 5 ) .
c .  J. L. Meeks and S.  P .  McGlynn,  J_. Amer. Chem. S o c . , 9 7 , 5079
( 1 9 7 5 ) .
31i n t o  TT^  and Tig MO's o c c u r s  v i a  " t h r o u g h  s p a c e "  i n t e r a c t i o n .  The s p l i t ­
t i n g  o f  t h e  TT^ /TTg MO's i s  ~ 1 .5 e V .
B. 8 - D i c a r b o x v l  Compounds. M a l o n i c  a c i d  and a i m e t h y l m a l o n i c  a c i d
decompose  i n  t h e  s o l i d  p r o b e  a t  t h e  T~50°G and t h e i r  s p e c t r a  c a n n o t
be r e c o r d e d .  S t u d i e s  o f  t h e s e  two compounds i n v o l v i n g  g a s e o u s  p r o b e
s a m p l i n g  w ere  e q u a l l y  u n s u c c e s s f u l .
The UPS o f  e t h y l  m a l o n a t e  (EM), d i m e t h y l  m a l o n a t e  (DMM), d i e t h y l
m a l o n a t e  (DEM), d i e t h y l  e t h y l m a l o n a t e  (DEEM)- and d i e t h y l  d i e t h y l m a l o n -
a t e  (DEDEM) a r e  d i s p l a y e d  i n  F i g u r e  4.  g e o m e t r y  h a s  b e e n  assumed f o r
DMM, DEM and DEDEM. EM and DEEM have  G g e o m e t r y .  I o n i z a t i o n  e v e n t ss
and  t h e i r  a s s i g n m e n t s  a r e  t a b u l a t e d  i n  T a b l e  3.  The i o n i z a t i o n  bands
o f  t h e s e  compounds a r e  p o o r l y  r e s o l v e d .
I n t e r a c t i o n  schem e :  The " t h r o u g h - b o n d "  i n t e r a c t i o n s  i n  t h e  3-
d i c a r b o x y l i c  a c i d  d e r i v a t i v e s  m u s t  p r o p a g a t e  t h r o u g h  two i n t e r v e n i n g
s k e l e t a l  O b o n d s .  E m p i r i c a l  s t u d i e s  o f  t h e  3 " d i c a r b o n y l s  h a v e  e s t a b l i s h e d
t h a t ,  f o r  compounds c o n t a i n i n g  n o n - c o a s i a l  c a r b o n y l  g r o u p s ,  th e
^  oe n e r g e t i c  o r d e r  o f  t h e  n MO's i s  n > n x , and t h e  s p l i t t i n g  i s  ~ 0 .5 e V  
(w h ic h  i s  c o n s i d e r a b l y  l e s s  t h a n  t h a t  f o r  o - d i c a r b o n y l  c o m p o u n d s ) .
The n MO's a r e  p r e s e n t e d  p i c t o r i a l l y  i n  F i g u r e  5. The c o n f o r m a t i o n  
shown i n  F i g u r e  5 c o r r e s p o n d s  t o  t h e  e q u i l i b r i u m  g e o m e t r y .  An exam­
i n a t i o n  o f  t h e  LCAO MO c o e f f i c i e n t s  i n d i c a t e s  t h a t  d i f f e r e n t i a l  m i x i n g  
w i t h  t h e  s k e l e t a l  a  s t r u c t u r e  i s  t h e  f a c t o r  r e s p o n s i b l e  f o r  t h e  s p l i t t i n g  
o f  n MO's.  The c a l c u l a t e d  and o b s e r v e d  s p l i t t i n g s  a r e  t a b u l a t e d  i n  
T a b l e  4.  The o b s e r v e d  s p l i t t i n g  i s  '~0.5eV. However,  t h e  c a l c u l a t e d  
s p l i t t i n g  i s  a p p r o x i m a t e l y  t w i c e  t h a t  w h ich  i s  o b s e r v e d .  The m a g n i t u d e s
o f  t h e  o b s e r v e d  s p l i t t i n g ,  how eve r ,  a g r e e s  w e l l  w i t h  t h e  e m p i r i c a l  o b a e r v -
18a t i o n s  f o r  o t h e r  3 - d i c a r b o n y l  com pounds . ,  A g r a p h  o f  t h e  c a l c u l a t e d  and
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TABLE 3
UPS DATA ( i n  eV) AND ASSIGNMENTS FOR 
0-DICARBOXYL COMPOUNDS
Number
I n d e x Compounds
K D | K 2 ) 1(3) 1(4)
1 . E t h y l  M a l o n a t e  (EM) 1 0 .84 11 .38 - 1 1 . 3 8 1 2 .30
MO t y p e an_ 0n+ *9 " e
Symmetry  D e s i g n a t i o n a " a ' a " a ’
2. D i m e t h y l  M a l o n a t e  (DMM) 10 .55 11 .12 - 1 1 .1 2 -1 1 .1 2
MO t y p e an 0n+ ll0
Symmetry  D e s i g n a t i o n b2 a l bi a2
3. D i e t h y l  M a l o n a t e  (DEM) 10. 36 10 .96 -1 0 .9 6 -1 0 .9 6
MO t y p e an 0n+ ' " e ff0
Symmetry D e s i g n a t i o n b 2 b l a2
4. D i e t h y l  E t h y l m a l o n a t e  
(DEEM)
MO t y p e






-1 0 .9 2 -1 0 .9 2
p
9
Symmetry  D e s i g n a t i o n a ” a ' a " a '
5. D i e t h y l  D i e t h y l m a l o n a t e  
(DEDEM)
9 .8 2 10 .30 10 .30 -1 0 .9 2
MO t y p e an_ 0n+ TU *9
Symmetry D e s i g n a t i o n b2 a l b l a2
F i g u r e  5 .  S c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  n a and  n? MO's f o r  m a l o n i c
—  *r
n /
a c i d .  LCAO MO c o e f f i c i e n t s  a r e  a l s o  shown.  The  CNDO/s 
c o m p u t a t i o n  was  p e r f o r m e d  f o r  t h e  X - r a y  d i f f r a c t i o n  geom-
O C
e t r y J  , a l t e r e d  i n  s u c h  a way a s  t o  a c c o m o d a t e  a Cn p o i n t -
2 v -
g ro u p  s y m m e try .
25
TABLE 4
CALCULATED AND OBSERVED VALUES OF An (eV) FOR 0-DICARBOXYL.
. COMPOUNDS
Number







1 . E t h y l  M a l o n a t e  (EM) 0 . 5 4 1 . 2 8 1 . 4 3
2 . D i m e t h y l  M a l o n a t e  (DMM) 0 . 5 6 1 . 3 6 1 . 4
3. D i e t h y l  M a l o n a t e  (DEM) 0 . 6 1 . 2 6 1 . 3 6
4 . D i e t h y l  E t h y l m a l o n a t e  
(DEEM)
0 . 5 7 1 . 1 2 0 . 7 5
5 . D i e t h y l  D i e t h y l j n a l o n a t e  
(DEDEM)
0 . 4 8 1 . 0 5 1 . 2 9
o b s e r v e d  v a l u e s  o f  An (w h e r e ,  An = | l ( n a ) -  I ( n ° ) I  ) i s  d i s p l a y e d  i n*“■ *T
F i g u r e  6.
The s p l i t t i n g  o f  t h e  MO's,  i n t o  tT_ and  Ti c o m p o n e n t s ,  i s  c a u s e du Or U
31by " t h r o u g h - s p a c e "  i n t e r a c t i o n s .  However ,  t h e  " t h r o u g h - s p a c e "  i n t e r ­
a c t i o n  i s  r a t h e r  weak b e c a u s e  o f  t h e  l a r g e  s e p a r a t i o n  o f  t h e  c a r b o x y l  
g r o u p s  a n d ,  a s  a  r e s u l t ,  t h e  TT_ and 17 o r b i t a l s  a r e  found  t o  be  a l m o s t
d e g e n e r a t e .  The TT and  IT MO's a r e  s c h e m a t i z e d  i n  F i g u r e  7.  An exam-
ur Q
i n a t i o n  o f  t h e  tT_ and TT MO's i n d i c a t e  t h a t  TTq s h o u l d  be  more s e n s i t i v e
© 9 “
t o  e s t e r i f i c a t i o n  t h a n  jT ( s i n c e  tT h as  l a r g e r  a m p l i t u d e  on t h e  -OH
Qr 0
g r o u p ) .  Thus ,  i n  e t h y l  m a l o n a t e ,  I ( tTq) s h o u l d  d e c r e a s e  w h e r e a s  I  (TT ^
0 0
s h o u l d  r e m a i n  more o r  l e s s  t h e  same as  i n  m a l o n i c  a c i d .
RESULTS AMD DISCUSSION
The UPS c o r r e l a t i o n  d i a g r a m  f o r  EM, DMM, DEM, DEEM, e t h y l  f o r m a t e  
(EF) and  e t h y l  a c e t a t e  (EA) i s  p r e s e n t e d  i n  F i g u r e  8.  The CNDO/s 
c o r r e l a t i o n  d i a g ra m  f o r  EM, DMM, DEM, DEEM and  d i e t h y l  d i e t h y l  m a l o n a t e  
(DEDEM) i s  p r e s e n t e d  i n  F i g u r e  9.
The lo w - e n e r g y  UPS r e g i o n  (9-12eV)  s h o u l d  c o n t a i n  two I ( n )  and
two I(TTq) e v e n t .  One a l s o  e x p e c t s  t h a t  t h e  HOMO s h o u l d  be o f  n t y p e .
T h i s  l a t t e r  c o n t e n t i o n  i s  s u p p o r t e d  by t h e  t o t a l i t y  o f  e m p i r i c a l  s t u d i e s
29 31
on 8 - d i c a r b o n y l s  , a - d i c a r b o n y l s  , and v i r t u a l l y  a l l  a v a i l a b l e
30 34CNDO/2 and CNDO/s c o m p u t a t i o n s .  ’ F u r t h e r m o r e ,  t h e s e  same MO com­
p u t a t i o n s  p r e d i c t  a  n e a r  d e g e n e r a c y  o f  t h e  Tf and  TL MO's and c o n f i r mor W
t h e  p r e f e r e n t i a l  s e n s i t i v i t y ,  t o  w h ich  we h a v e  a l l u d e d  p r e v i o u s l y ,  o f  
t h e  TTq o r b i t a l  to w a rd s  e s t e r i f i c a t i o n .  F i n a l l y ,  a  c o m p a r i s o n  o f  t h e  
UPS o f  t h e  8 - d i c a r b o x y l  w i t h  t h o s e  o f  EF and  EA p r o v i d e s  a s i g n i f i c a n t
F ig u r e  6 S c h e m a t i c  r e p r e s e n t a t i o n  o f  An f o r  t h e  j 3 - d i c a r b o x y l i c  a c i d  
d e r i v a t i v e s  l i s t e d  i n  T a b l e  3« The numbers  on t h e  a b s c i s s a  
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F i g u r e  7.  D ia g ra m  o f  t h e  TT and  TT MO's o f  m a l o n i c  a c i d .  Numbers® 0
a b o v e  t h e  l o b e s  r e f e r  t o  MO c o e f f i c i e n t s .  The CNDO/s
c o m p u t a t i o n  was p e r f o r m e d  a t  t h e  X-ray  d i f f r a c t i o n  g e o m e t r y
altered in such a wav as to accommodate a C„ ooint2v 1






F ig u re .  8 .  . The UPS c o r r e l a t i o n  d i a g r a m  f o r  EM, DMM, DEM, DEEM, DEDEM, 
EA and  E F .
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v i n d i c a t i o n  o f  a l l  t h e  a b o v e  a t t i t u d e s .  T h u s ,  w i t h  t h e  a b o v e  i n f o r ­
m a t i o n  a t  h a n d ,  t h e  UPS a n a l y s i s  p r o c e e d s  r a t h e r  s m o o t h l y .
The f i r s t  two l o w - e n e r g y  UPS b a n d s  o f  EM e x h i b i t  a n  a r e a l  r a t i o
o f  1 : 2 .  T h u s ,  1 ( 1 )  = 1 0 .8 4 e V  i s  a s s i g n e d  a s  I ( n a ) . T h i s  a s s i g n m e n t
c  °i s  c o n s i s t e n t  w i t h  t h e  e m p i r i c a l  p r e d i c t i o n  t h a t  I ( n  ) < I ( n +) i n  n o n -
29c o a x i a l  8 - d i c a r b o n y l s  , and  w i t h  CNDO/s c o m p u t a t i o n s .  T h u s ,  t h e
o
s e c o n d  b a n d  a t  1 1 .3 8 e V  m u s t  c o n t a i n  t h e  I ( n + ) e v e n t  and  o n e  I ( tTq) - H e n c e ,
o
t h e  a s s i g n m e n t  o f  1 ( 2 )  a s  I ( n + ) y i e l d s  An = 0 . 5 e V ,  w h i c h  a g r e e s  w e l l
on
w i t h  t h e  g e n e r a l  r u n  o f  e x p e r i m e n t  f o r  8 - d i c a r b o n y l s .  The 1 (3 )
e v e n t  a t  1 1 .3 8 e V  i s  a s s i g n e d  a s  I ( tTq) o f  t h e  0CoH_ g r o u p  - The 1 (4 )
0 L o
e v e n t  i s  c o n t a i n e d  i n  t h e  l o w - e n e r g y  e d g e  o f  t h e  t h i r d  b r o a d  UPS b a n d
and  i s  a s s i g n e d  a s  I(TT_) o f  t h e  -OH g r o u p .  The e n e r g y  gap  o f  ~ leV b e -
tw een  I (T L )  and  I(1T ) a c c o r d s  w i t h  t h a t  e x p e c t e d  f o r  a  s i m p l e  e s t e r -  
© 9
36
i f i c a t i o n .
The l o w - e n e r g y  UPS r e g i o n  o f  DMM, DEM, DEEM i s  c h a r a c t e r i z e d  by
two b a n d s  w hose  a r e a l  r a t i o  i s  1 : 3 .  T h u s ,  i n  DMM, DEM and  DEEM, 1 ( 1 ) ,
w h ic h  o c c u r s  a t  1 0 . 5 5 ,  1 0 . 3 6 ,  and  1 0 . 4 1 e V ,  r e s p e c t i v e l y ,  i s  a s s i g n e d
a s  I ( n ° ) . C o n s e q u e n t l y ,  1 ( 2 ) ,  w h ic h  i s  c o n t a i n e d  i n  t h e  s e c o n d  b r o a d
UPS b a n d  (w h ich  o c c u r s  a t  1 1 . 1 2 ,  1 0 . 9 6  and  1 0 .9 2 eV  i n  DMM, DEM and
o
DEEM, r e s p e c t i v e l y ) , i s  a s s i g n e d  a s  I ( n  ) .  T h i s  a s s i g n m e n t  f u r n i s h e s
r
O’ ^t h e  o r d e r  n > n+ and a s p l i t  o f  ~ 0 .5 eV  f o r  t h e  n  M O's ,  i n  a g r e e m e n t
29w i t h  a l l  e m p i r i c a l  s t u d i e s  f o r  S - d i c a r b o n y l s .  The CNDO/s c o m p u t a t i o n s
s u p p o r t  t h i s  same o r d e r .  The 1 ( 3 )  and  1 (4 )  e v e n t s ,  w h i c h  a l s o  o c c u r
i n  t h i s  s e c o n d  b r o a d  UPS b a n d ,  a r e  a s s i g n e d  a s  I(TT_) and  Il'TT ) ,  r e -
© 9
s p e c t i v e l y .  T h i s  a s s i g n m e n t  i s  c o n s i s t e n t  w i t h  t h e  weak " t h r o u g h -  
s p a c e "  i n t e r a c t i o n s  e x p e c t e d  f o r  t h e  TT^ MO's o f  t h e  8 - d i c a r b o x y l i c  
a c i d  compounds ,  and  w i t h  t h e  r e s u l t s  o f  CNDO/s c o m p u t a t i o n s  w h ic h  p l a c e
t h e  n ° ,  TTq and MO's w i t h i n  a n a r r o w  r a n g e  o f  0 .4 e V .  F i n a l l y ,  a 
c o m p a r i s o n  o f  t h e  UPS o f  DEM w i t h  t h o s e  o f  EF and  EA, on  t h e  b a s i s  o f  
c o m p o s i t e  m o l e c u l e  a p p r o a c h ,  v a l i d a t e s  t h e  a s s i g n m e n t s  made a b o v e .
I n  DEDEM, 1 ( 1 ) ,  w h i c h  o c c u r s  i n  t h e  f i r s t  UPS band a t  9 .82eV ,  i s  
a s s i g n e d  as  I ( n ^ )  . T h u s ,  t h e  a s s i g n m e n t  o f  1 ( 2 ) ,  w h i c h  i s  c o n t a i n e d  
i n  t h e  s e c o n d  band a t  10.3CeV,  a s  I ( n ° )  a c c o r d s  w i t h  t h e  e x p e c t e d  o r d e r"T
and s p l i t t i n g  o f  n  MO's .  1 ( 3 )  and 1 ( 4 )  w h i c h  o c c u r  i n  t h e  t h i r d
q) . T h es e
a s s i g n m e n t s  a r e  c o n s i s t e n t  w i t h  t h e  r e l a t i v e  a r e a s  u n d e r  t h e s e  two 
b a n d s .  The CNDO/s r e s u l t s  f o r  DEDEM s u p p o r t  t h i s  a s s i g n m e n t .
I n  g o i n g  f rom  DEEM t o  DEDEM t h e  TT and TTq MO's r e m a i n  u n -«  y
O' oa l t e r e d  a t  10 .9 2 eV  w h e r e a s  t h e  n and n ,  MO's e x p e r i e n c e  a s u b s t a n t i a l-f"
s h i f t .  T h i s  b e h a v i o r  co n fo rm s  t o  t h e  f a c t  t h a t  t h e  n MO's a r e  more
36s e n s i t i v e  t o  t h e  c h a n g e s  i n  t h e  s u b s t i t u e n t  a t  t h e  c a r b o n y l  c a r b o n .
Y “ DICARBOXYL COMPOUNDS: The UPS o f  s u c c i n i c  a c i d  (SA),  s u c c i n a m i c
a c i d  (SMA), monom ethy l  s u c c i n a t e  (MS),  d i m e t h y l  s u c c i n a t e  (DMS) and
r\
d i m e t h y l  m e t h y l s u c c i n a t e  (DIMS) a r e  d i s p l a y e d  i n  F i g u r e  10.  The i o n ­
i z a t i o n  e v e n t s  and t h e i r  a s s i g n m e n t s  a r e  t a b u l a t e d  i n  T a b l e  5. The 
UPS c o r r e l a t i o n  d i a g r a m  f o r  SA, SMA, MS, DMS, DMMS, a c e t i c  a c i d  (AA), 
m e t h y l  a c e t a t e  (MA), and a c e t a m i d e  (AM) i s  d i s p l a y e d  i n  F i g u r e  11.
34F i g u r e  11 a l s o  c o n s t i t u t e s  a CNDO/s c o r r e l a t i o n  d i a g r a m  f o r  SA, SMA, 
MS, DMS and DMMS.
The f o l l o w i n g  c o n s i d e r a t i o n s  f a c i l i t a t e  UPS a s s i g n m e n t s :
-  -  -  Txl t h e s e  compounds,  t h e  l o w - e n e r g y  UPS r e g i o n  ( i . e . ,  9-12eV) 
s h o u l d  c o n t a i n  two I ( n )  and two I ( TTq) e v e n t s .  However ,  s i n c e  t h e  
c a r b o x y l  g r o u p s  a r e  now q u i t e  f a r  a p a r t ,  " t h r o u g h - b o n d "  i n t e r a c t i o n
b r o a d  UPS band a t  10 .92eV  a r e  a s s i g n e d  a s  ^(Tfg) and (IT
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TABLE 5
UPS DATA ( i n  eV) AND ASSIGNMENTS FOR 
y-DICARBOXYL COMPOUNDS
Number
I n d e x Compounds 1 ( 1 ) 1 ( 2 ) 1(3) 1 (4 )
1 . S u c c i n i c  A c id  (SA) 1 0 . 9 2 1 0 . 9 2 1 2 . 1 5 1 2 . 1 5
MO t y p e on a
n+ *9
0 • S u c c i n a m i c  A c id  (SMA) 9 . 9 2 1 0 . 4 6 1 0 . 4 6 1 2 . 1 1
MO t y p e o<n an+ *9 " e
3. M onomethyl  S u c c i n a t e  
(MS)
1 0 . 6 7 1 0 . 6 7 1 1 .1 1 1 2 . 0 4
MO t y p e on an+ -TT0 %
4 . D i m e t h y l  S u c c i n a t e  
(DMS)
1 0 . 3 7 1 0 . 3 7 1 1 . 1 2 11.12
MO t y p e on an+ *9 TU
5. D i m e t h y l  M e t h y l -  
s u c c i n a t e  (DMMS)
1 0 . 3 1 1 0 . 3 1 1 1 .0 7 1 1 . 0 7
MO t y p e on an+ ■■*0 '" e
F i g u r e  11 .  The UPS and  CNDO/s c o r r e l a t i o n  d i a g r a m s  f o r  SA, SMA, MS, 
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D M M S
s h o u l d  be n e g l i g i b l e  a n d ,  a s  a r e s u l t ,  I ( n ^ )  and I ( n ° )  s h o u l d  be n e a r l y  
29d e g e n e r a t e .  M o re o v e r ,  i n  t h e s e  compounds w h e re  t h e  c a r b o x y l  g r o u p s
a r e  c o a x i a l ,  e m p i r i c a l  s t u d i e s  p r e d i c t  t h e  o r d e r  I ( n ° )  < I ( n V 29
-  +
ClflDO/s c o m p u t a t i o n s  c o n f i r m  t h e s e  p r e d i c t i o n s .
-  -  -  The " t h r o u g h - s p a c e ” i n t e r a c t i o n  w h ic h  i s  t h e  c a u s e  o f  t h e  r e -
31moval  o f  t h e  d e g e n e r a c y  o f  t h e  1T MO's s h o u l d  a l s o  be v e r y  w eak .  Con-
and I(TTq) e v e n t s  a r e  e x p e c t e d  t o  be a l m o s t  d e ­
g e n e r a t e .
-  -  -  I n  v i e w  o f  t h e  l a r g e  c a r b o x y l  g ro u p  s e p a r a t i o n ,  t h e s e  m o l ­
e c u l e s  may be s u p p o e d e  t o  c o n s i s t  o f  two m o n o c a r b o x y l  co m p o n e n t s .
H ence ,  t h e  UPS a s s i g n m e n t  f o r  t h e s e  compounds i s  f a c i l i t a t e d  by  com­
p a r i s o n  w i t h  t h e  UPS o f  AA, MA and AM. The UPS a n a l y s i s  may now be 
p e r f o r m e d .
The f i r s t  two UPS b a n d s  o f  SA, w h i c h  o c c u r  a t  1 0 . 9 2  and 12 .15eV,
r e s p e c t i v e l y  a r e  e q u a l l y  i n t e n s e .  Thus ,  t h e  1 (1 )  and 1 (2 )  e v e n t s ,
w h i c h  we s u p p o s e  t o  be c o n t a i n e d  i n  t h e  f i r s t  UPS band  a r e  a s s i g n e d
a s  I ( n ° )  and I ( n ^ ) , r e s p e c t i v e l y .  The w i d t h  o f  t h i s  f i r s t -  band i s
a d e q u a t e  t o  encom pass  a AI(n)  s p l i t t i n g  o f  ~ 0 .3 e V  ( i . e . .  t h e  s p l i t  e x -
2 9p e c t e d  f o r  y - d i c a r b o n y l s  ) .  F u r t h e r m o r e ,  t h e s e  v a l u e s  o f  I ( n  ) and 
I ( n ^ )  compare  f a v o r a b l y  w i t h  I ( n )  f o r  a c e t i c  a c i d  a t  1 0 .8 4 e V .  The 
1 (3 )  and  1 (4 )  e v e n t s ,  w h ic h  o c c u r  i n  t h e  s econd  UPS a t  12 .15eV ,  
a r e  a s s i g n e d  a s  I(TTq) and ^TT^) e v e n t s ,  r e s p e c t i v e l y .  T h es e  a s s i g n m e n t s  
a r e  c o n s i s t e n t  w i t h  t h e  f a c t  t h a t  I ( P q) o f  AA o c c u r s  a t  1 2 .0 5 e V .  F u r t h e r ­
m ore ,  t h e  UPS MO o r d e r  TL. <  IT <  n 3" < n °  i s  r e p r o d u c e d  by  CUD0/sy? y + -
c o m p u t a t i o n s .
I n  SMA, t h e  1 ( 1 } ,  1 ( 2 ) ,  1 ( 3 )  e v e n t  s a r e  c o n t a i n e d  i n  t h e  f i r s t
seq u en tly , the I(TTJ)
two UPS b a n d s ,  t h e  a r e a l  r a t i o  o f  w h ic h  a p p e a r s  t o  be a p p r o x i m a t e l y  1 :2
The 1 ( 4 )  e v e n t ,  a l o n g  w i t h  o t h e r  u n i d e n t i f i e d  i o n i z a t i o n  e v e n t s ,  o c c u r s
i n  t h e  t h i r d  b r o a d  UPS b a n d .  T h u s ,  1 (1 )  = 9 .9 2 eV  i s  a s s i g n e d  a s  I ( n ° ) .
The 1 ( 2 )  and 1 ( 3 ) ,  w h i c h  l i e  a t  1 0 . 4 6  eV a r e  a s s i g n e d  a s  I ( n ° )  and I(TT.)
t  y
r e s p e c t i v e l y .  T h i s  a s s i g n m e n t  y i e l d s  a v a l u e  o f  AI(n)  ~  0 .5 4 eV  w h ic h  
i s  i n  r e a s o n a b l e  a g r e e m e n t  w i t h  e m p i r i c a l  s t u d i e s  on o t h e r  y ^ i - c a r b o n y l s  
T h u s ,  t h e  1 (4 )  e v e n t ,  w h i c h  o c c u r s  a t  1 2 .0 4 e V ,  i s  a s s i g n e d  a s  I(TT^).. The 
s e p a r a t i o n  o f  t h e  I(TTq) and 1 ( 1 ^  e v e n t s ,  i s  1 .63eV ,  w h ic h  a c c o r d s  w i t h  
t h e  e x p e c t e d  s h i f t  o f  t h e  TTq i o n i z a t i o n  c a u s e d  by a m i n a t i o n  o f  t h e  c a r ­
b o n y l  g r o u p .  F i n a l l y ,  a c o m p a r i s o n  o f  t h e  s p e c t r u m  o f  SMA w i t h  t h o s e  o f  
AA and AM, ,on t h e  b a s i s  o f  a " c o m p o s i t e - m o l e c u l e " a p p r o a c h ,  v a l i d a t e s  
t h e s e  a s s i g n m e n t s .  The CNDO/s r e s u l t s  a l s o  s u p p o r t  t h e  same o r d e r i n g  
o f  MO's,  nam ely  n°  >  n ^  > TL >  TT_.*T y 07
I n  MS, t h e  1 ( 1 )  and 1 (2 )  e v e n t  s o c c u r  i n  t h e  f i r s t  UPS band  a t
10 .1 7 eV  and a r e  a s s i g n e d  a s  I ( n ° )  and I ( n ^ ) , r e s p e c t i v e l y .  The 1 (3 )
e v e n t  i s  c o n t a i n e d  i n  t h e  seco n d  UPS band a t  l l . l l e V  and i s  a s s i g n e d  
a s  I(TT0) .  T h i s  a s s i  gnment i s  c o n s i s t e n t  w i t h  t h e  a r e a l  r a t i o ,  2 : 1 ,  o f  
t h e s e  tow b a n d s .  T h u s ,  t h e  1 (4 )  e v e n t ,  w h i c h  i s  p r e s e n t  i n  t h e  r a t h e r  
b r o a d  t h i r d  UPS band' ,  i s  a s s i g n e d  a s  I(TT^). Such an  a n a l y s i s  i s  i n t u i ­
t i v e ,  s i n c e  t h e  TL and TT_M0's h ave  r a t h e r  l a r g e  a m p l i t u d e s  on t h e  -0CH„o or J
and -OH g r o u p s ,  r e s p e c t i v e l y .  F i n a l l y ,  t h e  s h i f t  o f  ~ le V  i n  I(U’g) 
i n  g o i n g  f ro m  SA t o  MS i s  c o m p a r a b le  w i t h  t h e  s u s c e p t i b i l i t y  o f  t h e  
TTq MO t o w a r d s  p e r t u r b a t i o n s  i n t r o d u c e d  by  e s t e r i f i c a t i o n .  The above  
a s s i g n m e n t  scheme i s  a l s o  s u p p o r t e d  by a c o m p a r i s o n  o f  t h e  s p e c t r u m  o f  
MS w i t h  t h o s e  o f  AA and MA. The CNDO/s r e s u l t s  c o n s t i t u t e  f u r t h e r  
v a l i d a t i o n  o f  t h e  ab o v e  a s s i g n m e n t s .
The f i r s t  two UPS b a n d s  o f  DMS, w h ic h  a r e  e q u a l l y  i n t e n s e ,  a r e
s u p p o s e d  t o  c o n t a i n  two I ( n )  and  two ICtTq) e v e n t s ,  r e s p e c t i v e l y .  Thus
o
t h e  1 (1 )  a n d  1 ( 2 )  e v e n t s ,  w h ic h  o c c u r  a t  1 0 .37eV  a r e  a s s i g n e d  a s  I ( n  ) 
and  I ( n ^ ) ,  r e s p e c t i v e l y .  The  1 ( 3 )  and  1 (4 )  e v e n t s ,  w h i c h  o c c u r  a t
1 1 . 1 2 e V ,  a r e  a s s i g n e d  a s  I(TT ) a n d  I ( f f  ) ,  r e s p e c t i v e l y .  The s h i f t
9 SB
o f  lO ^g)  b e t w e e n  SA and  DMS, AI ~ 1 .0 3 e V ,  i s  i n  t h e  e x p e c t e d  r a n g e  
f o r  e s t e r i f i c a t i o n  e f f e c t s  on a  tTq MO.36 The s h i f t  o f  t h e  f i r s t  UPS 
b a n d  b e t w e e n  t h e  same two com pounds ,  AI ~Q.55eV,  a l s o  a c c o r d s  w i t h  t h e  
e x p e c t e d  e s t e r i f i c a t i o n  e f f e c t  f o r n  MO's .  T h e s e  a s s i g n m e n t s  a r e  
v a l i d a t e d  by  CNDO/s r e s u l t s  and  b y  " c o m p o s i t e - m o l e e u l e "  a p p r o a c h e s  
b a s e d  on  t h e  c o m p a r i s o n  o f  t h e  UPS o f  DMS and MA.
The UPS o f  DMMS i s  v e r y  s i m i l a r  t o  t h a t  o f  DMS. The a t t a c h m e n t  o f  
a  CH^ g r o u p  t o  t h e  s k e l e t a l  C -a tom  a p p a r e n t l y  h a s  v e r y  l i t t l e  e f f e c t  
on e i t h e r  t h e  n o r  TTq MO's . Thus t h e  UPS o f  DMS i s  r e a d i l y  a n a l y z e d .
6- P i c a r b o x y l  Compounds; I n  t h e  n o n - c o a x i a l  5- d i c a r b o x y l s , t h e  n MO
(J o
o r d e r  s h o u l d  b e  n  > n , a s  i t  i s  i n  t h e  n o n - c o a x i a l  8 - d i c a r b o x y l s .
F i g u r e  12 d i s p l a y s  t h e  UPS o f  g l u t a r i c  a c i d  (GA), d i m e t h y l  g l u -  
t a r a t e  (DMG) and  m onom ethy l  g l u t a r a t e  (MMG). The i o n i z a t i o n  e v e n t s  and 
t h e i r  a s s i g n m e n t s  a r e  t a b u l a t e d  i n  T a b l e  6 .  The UPS c o r r e l a t i o n  d i a ­
gram f o r  GA, MMG, MDG, p r o p i o n i c  a c i d  (PA)^7 and  a c e t i c  a c i d  (AA) i s  
g i v e n  i n  F i g u r e  13 .  The CNDO/2 c o r r e l a t i o n  d i a g r a m  f o r  GA, MMG and 
DMG i s  p r e s e n t e d  i n  F i g u r e  13 .
The " th ro u g h -b o n d  " i n t e r a c t i o n s  b e t w e e n  n o r b i t a l s  and t h e  " t h r o u g h -  
s p a c e "  i n t e r a c t i o n s  b e t w e e n  TT^  o r b i t a l s  a r e  e x p e c t e d  t o  b e  v e r y  weak 
b e c a u s e  t h e  c a r b o x y l  g r o u p s  a r e  s e p a r a t e d  b y . t h r e e  c a r b o n  a t o m s .  Con­
s e q u e n t l y ,  t h e  n MO's s h o u l d  be  more  o r  l e s s  d e g e n e r a t e ,  and  t h i s  a l s o  
s h o u l d  b e  t h e  c a s e  f o r  t h e  TT^  MO's .
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TABLE 6
UPS DATA ( i n  eV) AND ASSIGNMENTS FOR 
8 -DICARBOXYL COMPOUNDS
Number
I n d e x Compounds 1 ( 1 ) 1 ( 2 ) 1 (3 ) 1 ( 4 )
1 . G l u t a r i c  A c id  (GA) 1 0 . 7 6 1 0 . 7 6 1 2 . 3 3 1 2 . 3 3
MO t y p e an „
o
n+ * 0
2 . Monomethy l  G l u t a r a t e  
(MMG)
1 0 . 2 1 0 . 2 • 1 0 . 9 5 1 2 . 2
MO t y p e an on +
3 . D i m e t h y l  G l u t a r a t e 1 0 . 3 6 1 0 . 3 6 1 1 . 1 4 1 1 . 1 4
MO t y p e an_ 0n + W0
F i g u r e  13 .  The UPS and  CNDO/2 c o r r e l a t i o n  d i a g r a m s  f o r  GA, MMG, 
DMG, PA and  AA.
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The f i r s t  two UPS b a n d s  o f  GA and  DMG a r e  e q u a l l y  i n t e n s e .  Con­
s e q u e n t l y  1 ( 1 )  and 1 ( 2 )  o f  GA a n d  DMG, w h ic h  a r e  s u p p o s e d  t o  c ' o i n c i d e  i n  
t h e  f i r s t  UPS b a n d ,  a r e  a s s i g n e d  a s  I ( n a ) and  I ( n ° ) ,  r e s p e c t i v e l y .“  T*
The s e c o n d  b a n d  o f  GA andc.DMG c o n t a i n s  t h e  1 ( 3 )  and  1 ( 4 )  e v e n t s .  
C o n s e q u e n t l y ,  1 ( 3 )  and  1 ( 4 )  a r e  a s s i g n e d  a s  1(TT^> and  i(TTg) . The
w i d t h  o f  t h e  f i r s t  b a n d  i s  a d e q u a t e  t o  encom pass  a A I (n )  s p l i t t i n g  o f
29- O . l e V  ( i . e . ,  t h a t  e x p e c t e d  f o r  5 - d i c a r b o n y l s  ) .  The  c i t e d  n-MO 
o r d e r ,  n a  > n_^, i s  a l s o  c o n f i r m e d  by CNDO/2 c o m p u t a t i o n s .  The  s h i f t  
o f  t h e  TTq MO b e t w e e n  GA and  DMG i s  1 .2 e V  w h ic h  a g r e e s  w e l l  w i t h
0*7 n/-
t h e  e x p e c t e d  m a g n i t u d e s  o f  s u c h  a  s h i f t  f o r  an  I(TTq) MO. ’
I n  MMG, t h e  f i r s t  two UPS b a n d s  p o s s e s s  an  a r e a l  r a t i o  o f  a p p r o x ­
i m a t e l y  2 : 1 .  H en ce ,  t h e  1 (1 )  and  1 (2 )  e v e n t s  w h ich  a r e  s u p p o s e d  to  
o c c u r  i n  t h e  f i r s t  UPS b a n d  a t  1 0 .2 eV  a r e  a s s i g n e d  a s  I ( n 0 ) and  I ( n ^ ) ,  
r e s p e c t i v e l y .  The  1 ( 3 )  e v e n t  o c c u r s  i n  t h e  s e c o n d  UPS ban d  a t  10 .95eV  
and  i s  a s s i g n e d  a s  1(11^ . The 1 (4 )  e v e n t  i s  p r e s e n t  i n  a  r a t h e r  b r o a d
t h i r d  UPS b a n d  a t  1 2 .2eV  and i s  a s s i g n e d  as  I(7Tb).  T h i s  a s s i g n m e n t  i s
0
c o n s i s t e n t  w i t h  t h e  f a c t  t h a t  t h e  17 and  7Tq MO’s h a v e  r a t h e r  l a r g e
£  0
a m p l i t u d e s  on t h e  OCH^ and  -OH g r o u p s ,  r e s p e c t i v e l y .  M o r e v e r ,  t h e  d i f ­
f e r e n c e  I ( tO  -  I  (IT3 ~1 .25eV a c c o r d s  w e l l  w i t h  t h a t  e x p e c t e d  f o r  t h ey
e f f e c t s  o f  e s t e r i f i c a t i o n  on a  TTq MO.
C o m p a r i s o n  o f  t h e  s p e c t r a  o f  GA, DMG and  MMG w i t h  t h o s e  o f  PA 
s u p p o r t s  t h e  ab o v e  a s s i g n m e n t s .  A l t h o u g h ,  t h e  MO o r d e r  i s  mim­
i c k e d  by CNDO/2 r e s u l t s ,  q u a n t i t i v e  a g r e e m e n t  i s  l a c k i n g .  H owever ,
t h i s  may be  an  o d d i t y  o f  t h e  CNDO/2 c o m p u t a t i o n ,  w h i c h  a l s o  o v e r e s -  
3 8t i m a t e s  t h e  o r b i t a l  e n e r g i e s  b y  ~3eV.
f - D i c a r b o x y l  Compounds . I t  c a n  b e  a s s u m e d ,  i n  v i e w  o f  t h e  l a r g e  s e p a r ­
a t i o n  o f  t h e  c a r b o x y l  c e n t e r s ,  t h a t  t h e  two n - i o n i z a t i o n  e v e n t s  (and
t h e  two TTq i o n i z a t i o n  e v e n t s )  a r e  e f f e c t i v e l y  d e g e n e r a t e .  The UPS 
o f  a d i p i c  a c i d  (ADA), m onom ethy l  a d i p a t e  (MMADA), and  d i e t h y l  a d i p a t e  
(DEADA) a r e  d i s p l a y e d  i n  F i g u r e  1 4 .  The UPS d a t a  and  t h e i r  a s s i g n m e n t s  
a r e  p r e s e n t e d  i n  T a b l e  7.
The UPS c o r r e l a t i o n  d i a g r a m  f o r  ADA, MMADA, DEADA and  p r o p i o n i c  
a c i d  (PA) and t h e  CNDO/s c o r r e l a t i o n  d i a g r a m  f o r  ADA, MMADA and DEADA 
i s  shown i n  F i g u r e  15.
I n  ADA, t h e  f i r s t  two b a n d s ,  w h ic h  o c c u r  a t  1 0 . 6 7  and  1 2 .0 7 eV  
r e s p e c t i v e l y ,  a r e  e q u a l l y  i n t e n s e .  T h u s ,  t h e  1 (1 )  and  1 (2 )  e v e n t s ,  
w h ich  a r e  c o n t a i n e d  i n  t h e  f i r s t  UPS b a n d ,  a r e  a s s i g n e d  a s  I ( n ° )  and 
I ( n ^ ) .  T h i s  a s s i g n m e n t  i s  c o n s i s t e n t  w i t h  t h e  p r e d i c t e d  n-MO o r d e r  
o f  n °  > n ^  f o r  c o a x i a l  £ - d i c a r b o x y l  c o m p o u n d s T h e  1 ( 3 )  and  1 (4 )  
e v e n t s ,  w h ic h  o c c u r  i n  t h e  s e c o n d  b a n d ,  a r e  a s s i g n e d  a s  I(jT ) and(Zw
I  (if ) .  T h i s  a s s i g n m e n t  i s  c o n s i s t e n t  w i t h  t h e  CNDO/s com puted  r e s u l t s  
9
and w i t h  t h e  " c o m p o s i t e - m o l e c u l e "  a p p r o a c h  i n v o l v i n g  c o m p a r i s o n  o f  
t h e  s p e c t r u m  o f  ADA x^ith  t h a t  o f  PA.
I n  MMADA, t h e  1 (1 )  and  1 (2 )  e v e n t s ,  w h ic h  o c c u r  i n  t h e  f i r s t
o ob a n d  a t  1 0 . 6 2 e V ,  a r e  a s s i g n e d  a s  I ( n  ) and I ( n  ) .  T h i s  a s s i g n m e n t_ “T
i s  c o n s i s t e n t  w i t h  t h e  a s s i g n m e n t  o f  t h e  n  MO's i n  ADA. The 1 (3 )  
i o n i z a t i o n  e v e n t ,  w h ic h  o c c u r s  i n  t h e  s e c o n d  b a n d  a t  1 1 . 1 5 e V ,  i s  
a s s i g n e d  a s  • T h i s  a s s i g n m e n t  i s  b a s e d  on t h e  s u p p o s i t i o n  t h a t
t h e  rf/r, MO h a s  s u b s t a n t i a l l y  l a r g e r  a m p l i t u d e  on t h e  -0CH g ro u p  t h a n7^ -J
d o e s  t h e  MO. The 1 ( 4 )  e v e n t  w h ic h  o c c u r s  i n  a  r a t h e r  d i f f u s e  t h i r d  
9
b and  a t  1 2 . 0 e V ,  i s  a s s i g n e d  a s  I ( TTQ) . T h i s  y i e l d s  a  s h i f t  o f  - l e Vd
f o r  I(fT ) e v e n t  upon  g o i n g  f ro m  ADA t o  MMADA, w h ic h  a c c o r d s  w i t h  t h e  
9
31e x p e c t e d  s h i f t  o f  a n  I(TTq) e v e n t  c a u s e d  by  e s t e r f i c i a t i o n .  T h i s
a s s i g n m e n t  i s  v a l i d a t e d  by  t h e  f a c t  t h a t  t h e  tTq MO a p p e a r s  t o  p o s s e s s
0
F i g u r e  Ik. UPS o f  ADA, MMADA and  DEADA.
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TABLE 7
UPS DATA ( i n  eV) AND ASSIGNMENTS FOR 
S-DICARBOXYL COMPOUNDS
Number
I n d e x Compounds
1 ( 1 ) 1 ( 2 ) 1 (3 ) 1 (4 )
1 . A d i p i c  A c id  (ADA) 1 0 . 6 7 1 0 .6 7 1 2 . 0 7 1 2 . 0 7
MO t y p e on an+ * 0
2 . Monomethyl  A d i p a t e  
(MMADA)
1 0 . 6 7 1 0 . 6 7 1 1 . 1 5  ■ 1 2 . 0
MO t y p e on an+ TL *9
3. D i e t h y l  A d i p a t e  
(DEADA)
1 0 . 4 1 0 . 4 1 1 . 0 1 1 . 0
MO t y p e on a n+ ■ *9
F i g u r e  15« The UPS and CNDO/s c o r r e l a t i o n  d i a g ra m s  f o r  ADA, MMADA, 
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d e a  d a
s u b s t a n t i a l l y  l a r g e r  a m p l i t u d e  on  t h e  -OH g ro u p  t h a n  d o e s  t h e  if MO.
I n  DEADA, two e a u a l l y - i n t e n s e  b a n d s  o c c u r  a t  1 0 .4eV  and  l l . O e V  
r e s p e c t i v e l y .  The 1 (1 )  and  1 ( 2 ) ,  e v e n t s  w h ic h  o c c u r  i n  t h e  f i r s t  UPS 
band  a t  1 0 .4 eV  a r e  a s s i g n e d  a s  I ( n ° )  and I ( n ^ )  r e s p e c t i v e l y .  The 1 (3 )
and 1 ( 4 )  e v e n t s ,  w h ic h  a r e  c o n t a i n e d  i n  t h e  s e c o n d  UPS b a n d ,  a r e
a s s i g n e d  a s  I  ( TT  ^ and  X ( TTq) . I n  g o i n g  f rom  ADA t o  DEADA, t h e  I  (Tig) e v e n t
s h i f t s  by  ~ le V .  T h i s  s h i f t  i s  i n  t h e  r a n g e  e x p e c t e d  f o r  t h e  e f f e c t
31o f  e s t e r i f i c a t i o n  on  a TTq i o n i z a t i o n  e v e n t .  F i n a l l y ,  t h e  CNDO/s
o . a
r e s u l t s  r e p r o d u c e  t h e  MO o r d e r  n > n ,  > ]T > IT .
v  © ' 9
CONCLUSION
T h i s  w ork  s u m m a r iz e s  and  a n a l y s e s  t h e  UPS r e s u l t s  f o r  6 - ,  y - ,  <5-
a n d ’ e , - d i c a r b o x y l i c  a c i d s  and  d e r i v a t i v e s .  A p a r t  f r o m  t h e  a s s i g n m e n t
o f  UPS, t h e  s a l i e n t  f e a t u r e s  o f  t h i s  work  a r e  a s  f o l l o w s :
( i )  The " t h r o u g h - b o n d "  n a t u r e  o f  t h e  i n t e r a c t i o n  i n v o l v i n g  n-MO's
i n  d i c a r b o x y l  compounds i s  u t i l i z e d  t o  e x p l a i n  t h e  UPS o f  0 - ,  y - ,  5 -
and  e - d i c a r b o x y l i c  a c i d s  and  d e r i v a t i v e s .
( i i )  The " t h r o u g h - s p a c e "  i n t e r a c t i o n  b e t w e e n  IT MO's i n  t h e s e  com­
pounds  i s  i n v o k e d  i n  o r d e r  t o  e x p l a i n  t h e i r  UPS.
( i i i )  The e f f e c t  o f  O - a l k y l a t i o n  ( i . e . ,  e s t e r i f i c a t i o n )  on t h e  
TTq-MO i s  c o n f i r m e d .
( i v )  I t  h a s  b e e n  shown t h a t  t h e  " c o m p o s i t e - m o l e c u l e "  a p p r o a c h  
can  b e  u s e d  t o  v a l i d a t e  t h e  a s s i g n m e n t s  made on t h e  b a s i s  o f  o t h e r  
i n t e r p r e t i v e  c r i t e r i a .
CHAPTER THREE
ULTRAVIOLET PHOTOELECTRON 




A l t h o u g h  p h o s p h o ru s  compounds a r e  u b i q u i t o u s  i n  t h e  b i o l o g i c a l  r e a l m ,
v e r y  l i t t l e  UPS work h a s  b e e n  i n v e s t e d  i n  them .  The p h o s p h o r u s  t r i -
3Q kO 4 1 - 4 7h a l i d e s  " and p h o s p h o r y l  t r i h a l i d e s  1 h a v e  b e e n  t h e  s u b j e c t  o f
e x t e n s i v e  t h e o r e t i c a l  and  e x p e r i m e n t a l  s t u d i e s .  However ,  t h e  UPS o f
p h o s p h i t e s  a n d  p h o s p h a t e s ,  t h o u g h  s u b j e c t  t o  some p r e l i m i n a r y  w ork ,
a p p e a r s  t o  h a v e  b e e n  l a r g e l y  n e g l e c t e d .
Koopmans1 Theorem,  i n  c o n j u n c t i o n  w i t h  UPS d a t a ,  p r o v i d e s  a v e r y
49d i r e c t  t e s t  o f  t h e  q u a l i t y  o f  quan tum m e c h a n i c a l  c o m p u t a t i o n s .  
C o n s e q u e n t l y ,  t h e  s c o p e  o f  t h i s  work w i l l  be  l i m i t e d  t o  t h e  f o l l o w i n g  c o n ­
s i d e r a t i o n s  s
( i )  To o b t a i n e d  UPS d a t a  f o r  o r g a n i c  p h o s p h i t e s ,  p h o s p h a t e s  and 
s t r u c t u r a l l y - r e l a t e d  compounds.
( i i )  To compare t h e  UPS d a t a  so  o b t a i n e d  w i t h  t h e  p r e v i o u s l y  a v a i l ­
a b l e  d a t a  and  w i t h  quan tum  m e c h a n i c a l  c a l c u l a t i  o ns  i n  o r d e r  t o  a r r i v e  a t  
a  c o n s i s t e n t  s e t  o f  UPS a s s i g n m e n t s .
( i i i )  To compare t h e  UPS o f  p h o s p h a t e s  and  s u b s t i t u t e d  p h o s p h a t e s  
i n  o r d e r  t o  d i s c e r n  s u b s t i t u t i o n  and s y m m e t r y - b r e a k i n g  e f f e c t s .
I . EXPERIMENTAL AND COMPUTATIONAL
He I  UPS w e re  r e c o r d e d  w i t h  a P e r k i n - E l m e r  PS-18  p h o t o e l e c t r o n  
s p e c t r o m o t e r  w i t h  a 1 0 -cm r a d i u s  c y l i n d r i c a l  e l e c t r o s t a t i c  f i e l d  d e f l e c ­
t i o n  a n a l y z e r .  The i o n i z a t i o n  e n e r g y  was p r o v i d e d  by t h e  5 8 ^ !  (2 1 .2 2 e V )  
He I  r e s o n a n c e  l i n e .  The e j e c t e d  e l e c t r o n s  w e re  d e t e c t e d  b y  a  B en d ix  
" C h a n n e l t r o n "  e l e c t r o n  m u l t i p l i e r .  The 2 p ^ ^  an<  ^ ^ P ^ / 2  -*-a n e s  
Xe a n d  Ar w ere  u s e d  t o  c a l i b r a t e  t h e  s p e c t r a  w i t h  r e g a r d  t o  b o t h  e n e r g y  
and  r e s o l u t i o n .  The r e s o l u t i o n  p r i o r  t o  e a c h  r u n  was i n  t h e  r a n g e  2 0 -2 5  
meV.
T r i m e t h y l  p h o s p h i t e  ( T E P l ) ,  t r i e t h y l  p h o s p h i t e s  ( T E P l ) ,  t r i m e t h y l  
p h o s p h a t e  (TMPA), t r i e t h y l  p h o s p h a t e  (TEPA) and  d i m e t h y l  m e th y l p h o s p h o -  
n a t e  (DMMPNA) were  p u r i f i e d  by vacuum d i s t i l l a t i o n .  H a n d l i n g  of  d i e t h y l  
d i t h i o p h o s p h a t e  (DEDT.PA), d i e t h y l  c h l o r o t h i o p h o s p h a t e  (DECLTPA) and  
d i e t h y l  c h l o r o p h o s p h a t e  (DECLPA) i n v o l v e d  t h e  u s e  o f  a n  a i r - t i g h t  g l o v e  
box f i l l e d  w i t h  n i t r o g e n .
Quantum m e c h a n i c a l  c a l c u l a t i o n s  w ere  p e r f o r m e d  i n  t h e  QCPE 1^1 -  
CNDO/2 a l o g r i t h m i c  m o d e . ^  F o r  c a l c u l a t i o n s  on T E Pl ,  t h e  e q u i l i b r i u m  
g e o m e t r i c a l  p a r a m e t e r s  o b t a i n e d  by g a s e o u s  e l e c t r o n  d i f f r a c t i o n  t e c h ­
n i q u e s ' ^  w ere  u s e d .  C a l c u l a t i o n s  on a l l  o t h e r  m o l e c u l e s  w ere  p e r f o r m e d
51f o r  t h e  most  s t a b l e  c o n f o r m a t i o n  w i t h  s t a n d a r d  bond l e n g t h s  and bond 
a n g l e s ' ^  a s  g e o m e t r i c a l  p a r a m e t e r s .
I I .  RESULTS AMD DISCUSSION
The compounds s t u d i e d  i n  t h i s  work can  be d i v i d e d  i n t o  t h r e e  
c a t e g o r i e s  :
( i )  P h o s p h i t e s
( i i )  P h o s p h a t e s
( i i i )  S u b s t i t u t e d  p h o s p h a t e s
S i n c e  t h e  p h o s p h i t e s  a r e  t h e  l e a s t  c o m p l i c a t e d  among t h e s e  t h r e e ,  
t h e i r  s p e c t r a  w i l l  b e  d i s c u s s e d  f i r s t ,  t o  be  f o l l o w e d ,  i n  t u r n ,  by a 
d i s c u s s i o n  o f  p h o s p h a t e s  and s u b s t i t u t e d  p h o s p h a t e s .
A. P h o s p h i t e s ■ The UPS o f  TMPI and TEPI a r e  d i s p l a y e d  i n  F i g u r e  1.  
I o n i z a t i o n  e v e n t s  and  t h e i r  a s s i g n m e n t s  a r e  t a b u l a t e d  i n  T a b l e  1.  S i n c e ,  
t h e s e  m o l e c u l e s  can  be  c a t e g o r i z e d  i n  t h e  CQ p o i n t  g r o u p ,  t h e i r  MO's a r e
jV
l a b e l l e d  a ^ ,  a ^ ,  and  e .  T h i s  l a b e l l i n g  f a c i l i t a t e s  c o r r e l a t i o n  w i t h  t h e
c o r r e s p o n d i n g  d a t a  s e t  f o r  t h e  p h o s p h o r u s  t r i c h l o r i d e  (PTCL) . The
UPS c o r r e l a t i o n  d i a g r a m  f o r  TMPI, TEPI and PTCL i s  d i s p l a y e d  i n  F i g u r e  2.
The CNDO/2 MO c o r r e l a t i o n  d i a g r a m  i s  a l s o  shown i n  F i g u r e  2.  
P h o s p h o ru s  t r i c h l o r i d e  i s  n o t  i n c l u d e d  i n  t h i s  l a t t e r  d i a g r a m  b e c a u s e
t h e  CNDO/2 method 40 d oes  n o t  r e p r o d u c e  t h e  UPS MO o r d e r  f o r  PTCL. How-
c i e i ♦. 4-t. rmc 3 9 a , 3 9 b , 3 9 c , 4 0 , 4 7 , 4 8  40e v e r ,  f o r  t h e  s a k e  o f  c o m p l e t e n e s s ,  t h e  UPS, CNDO/2,
40 43 44HMO ( E x t e n d e d  H u c k e l )  and _ab i n i t i o  ’ r e s u l t s  f o r  PTCL a r e  c o l l e c t e d
i n  F i g u r e  3.  A c l o s e  e x a m i n a t i o n  o f  F i g u r e  3 l e a d s  t o  t h e  f o l l o w i n g
com m ents :
( i )  W hi le  t h e  ab i n i t i o  c o m p u t a t i o n  r e p r o d u c e s  t h e  e x p e r i m e n t a l  
MO o r d e r ,  i t  u n d e r s t i m a t e s  t h e  e n e r g y  o f  t h e  f i r s t  i o n i z a t i o n  e v e n t  i n  
PTCL.
( i i )  The CNDO/2 method  r e v e r s e s  t h e  o r d e r  o f  t h e  l a ^  and 4e MO's.  
M o re o v e r ,  i t  o v e r e s t i m a t e s  t h e  i o n i z a t i o n  e n e r g i e s .
( i i i )  The HMO method  r e v e r s e s  t h e  o r d e r  o f  la  ^ and 4e MO's.  I t  
a l s o  f a i l s  t o  r e p r o d u c e  th e  e n e r g y  gap betx^een t h e  v a r i o u s  i o n i z a t i o n  
e v e n t s .
The a c c e p t e d  MO o r d e r  i n  PTCL i s  4a^  > l a ^  >  4e >  3e >  3 a ^ .  The 
n a t u r e  and c h a r a c t e r i s t i c s  o f  t h e s e  MO's a r e  o u t l i n e d  i n  T a b l e  1.
The l o w - e n e r g y  UPS r e g i o n  o f  t h e  p h o s p h i t e s  (9 -15eV) c o n t a i n s
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E L E C T R O N  VOL T S
TABLE 1
UPS DATA ( i n  eV) AND ASSIGNMENTS FOR 
PHOSPHORUS TRICHLORIDE AND PHOSPHITES
Number
I n d e x Compounds 1 ( 1 ) 1 ( 2 ) 1 (3 ) 1 (4 ) 1 (5 )
1 .
a
P h o s p h o r u s  T r i c h l o r i d e  
(PTCL)
1 0 . 5 2 1 1 . 7 0 1 2 . 0 0 1 2 .9 7 1 4 . 2 3
-
MO t y p e
b
P - l o n e
p a i r
Cl - l o n e  
p a i r
Cl - l o n e  
p a i r
s t r o n g l y
b o n d i n g
P - C l
b o n d i n g
Symmetry D e s i g n a t i o n 4 a l l a 2 4e 3e
<->
J a l
2 . TMPI 9 . 3 0 1 0 . 6 3 1 1 .2 9 1 2 . 4 2 1 3 . 1 2
MO t y p e P - l o n e
p a i r
0 - l o n e
p a i r
0 - l o n e
p a i r
s t r o n g l y
b o n d i n g
P -0
b o n d i n g
Symmetry D e s i g n a t i o n a l a 2 e e ■ a l r»
3. TEPI 8 . 9 0 1 0 . 2 3 1 0 , 7 9 1 1 .7 5 1 2 . 8 5
MO Type P - l o n e
p a i r
0 - l o n e
p a i r
0 - l o n e
p a i r
s t r o n g l y
b o n d i n g
P - 0
b o n d i n g
Symmetry D e s i g n a t i o n a .
1 L. e e a l
a .  T ak e n  f rom  R e f .  l a ,  l b ,  2 and  9.
b .  The o u t e r  . v a l e n c e  e l e c t r o n i c  c o n f i g u r a t i o n  i s  t h e  same a s  i n  R e f .  9.
c .  P a r t  o f  t h e  b r o a d  c o m p o s i t e  b a n d ,  w h ic h  a l s o  c o n t a i n s  C-C, C-0 and 
C-H a i o n i z a t i o n  e v e n t s .
F i g u r e  2 .  The UPS c o r r e l a t i o n  d i a g r a m  f o r  TMPI. TEPI and PTCL- and 
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f i v e  b a n d s .  I n s p e c t i o n  o f  t h e  UPS o f  TMPI. TEPI and PTCL s u g g e s t s  t h e  
f o l l o w i n g :
( i )  The l o w - e n e r g y  r e g i o n s  (9 -1 5 e V )  o f  t h e  UPS o f  TMPI and TEPI 
r e s e m b e l  t h a t  o f  PTCL.
( i i )  The l o s - e n e r g y  (9 -15eV )  i o n i z a t i o n  e v e n t s  o f  t h e  p h o s p h i t e s  
a r e  o f  l o w e r  e n e r g y  t h a n  t h o s e  o f  PTCL. T h i s  e n e r g y  d e c r e m e n t  r e f l e c t s  
th e  o r d e r  o f  a t o m i c  e n e r g y  l e v e l s :  Cl  3p i s  more t i g h t l y  bound t h a n  0 2p
( i i i )  The f i r s t  f i v e  UPS b a n d s  o f  TMPI, c o n t a i n e d  i n  t h e  9 -15eV 
r e g i o n ,  l i e  a t  h i g h e r  e n e r g i e s  (^-0.4eV) t h a n  t h e i r  c o r r e s p o n d e n t s  
i n  TEPI .  The f i f t h  band o f  TEPI h a s  b e e n  subsumed i n  t h e  b r o a d  c o m p o s i t  
b a n d  a t  12 .85eV ,  w h i c h  c o n t a i n s  a v a r i e t y  o f  u n i d e n t i f i e d  i o n i z a t i o n  
e v e n t s  ( s u c h  a s  C-C and C-H a i o n i z a t i o n  e v e n t s ) .
( i v )  The f i r s t  UPS band o f  t h e  p h o s p h i t e s  i s  r e l a t i v e l y  s h a r p  and 
i s o l a t e d .  S i n c e  t h e  HOMO o f  t h e s e  compounds i s  e x p e c t e d  t o  i n v o l v e
t h e  P - l o n e  p a i r  on t h e  p h o s p h o r u s  a tom,  a s  e v i d e n c e d  by s t u d i e s  on
48 39a 39b 39c 40 47b o t h  p h o s p h i t e s  and p h o s p h o r u s  t r i c h l o r i d e ,  ’ ’ ’ ’ t h i s  f i r s
UPS band u n d o u b t e d l y  r e p r e s e n t s  t h e  i o n i z a t i o n  e v e n t  a s s o c i a t e d  w i t h
t h e  P - l o n e  p a i r .
The low e n e r g y ' r e g i o n  s h o u l d  a l s o  c o n t a i n  i o n i z a t i o n  e v e n t s  a s s o ­
c i a t e d  w i t h  t h e  0 - l o n e  p a i r  ( a  and e t y p e  MO's)  and t h e  P - 0  i o n i z a t i o n  
e v e n t s .  F i n a l l y ,  a c o m p a r i s o n  o f  t h e  UPS c o r r e l a t i o n  d i a g r a m  f o r  
t h e s e  m o l e c u l e s  p r o v i d e s  a s i g n i f i c a n t  v i n d i c a t i o n  o f  t h e  a s s i g n m e n t s  
o f  t h e  p h o s p h i t e s .  T h u s ,  w i t h  t h e s e  i n f o r m a t i o n  on h a n d ,  t h e  UPS 
a n a l y s i s  p r o c e e d s  r a t h e r  s m o o th l y .
I n  TMPI, 1 ( 1 ) ,  a t  9 .3 0 eV  i n v o l v e s  i o n i z a t i o n  f rom an  a^ MO 
w h ic h  i s  c h a r a c t e r i z e d  by  a l a r g e  c o n t r i b u t i o n  f rom t h e  P - l o n e  p a i r  on 
p h o s p h o r u s .  However,  i t  s h o u l d  be n o t e d  t h a t  t h e  r e d u c e d  s h a r p n e s s  o f
t h i s  band  i n d i c a t e s  t h a t  t h e  P - l o n e  p a i r  i s  somewhat d e l o c a l i z e d  o v e r
t h e  r e s t  o f  t h e  m o l e c u l e .  T h i s  c o n t e n t i o n  i s  s u p p o r t e d  by  t h e  CNDO/2
c o m p u t a t i o n  w h i c h  r e v e a l s  a 6 6 % c o n t r i b u t i o n  by t h e  P 3p o r b i t a l  t o
t h i s  a^  MO. T h i s  MO c o r r e l a t e s  w i t h  t h e  4a^  MO o f  PTCL. T h i s  a s s i g n m e n t
o f  1 (1 )  o f  TMPI a g r e e s  w e l l  w i t h  t h a t  made by B e t t r i d g e ,  e t  a l . ^
T h u s ,  t h e  s e c o n d  and t h i r d  i o n i z a t i o n  e v e n t s  p r o b a b l y  a r e  a s s o c i a t e d
w i t h  t h e  0 - l o n e  p a i r s .  The s e c o n d  i o n i z a t i o n  e v e n t ,  1 (2 )  = 10 .63eV ,
r e p r e s e n t s  i o n i z a t i o n  f rom  a n  a  ^ MO w h i c h  i s  p r e d o m i n a n t l y  0  2 p i n
c h a r a c t e r  and n o n - b o n d i n g  i n  n a t u r e  ( com pare  PTCL). T h i s  a  ^ MO c o r -
48
r e l a t e s  w i t h  t h e  l a ^  MO o f  PTCL. However ,  B e t t r i d g e ,  e t  a l .  have  
a s s i g n e d  1 (2 )  t o  i o n i z a t i o n  f ro m  an  d MO w h ic h  i n v o l v e s  t h e  0 - l o n e  p a i r s  
on t h e  b a s i s  o f  r e l a t i v e  p e a k  a r e a s  ( t h e  v a l i d i t y  o f  w h ic h  i s  q u e s t i o n ­
a b l e ) .  The a s s i g n m e n t  o f  1 (2 )  a s  i s  a l s o  s u p p o r t e d  by  CNDO/2
c o m p u t a t i o n a l  r e s u l t s .  A f t e r  a s s i g n i n g  1 (2 )  a s  i t  seems l o g i c a l
t h a t  1 (3 )  = 1 1 .2 9 e V ,  s h o u l d  be a s s i g n e d  a s  1 ( e ) ,  w h ic h  i s  l a r g e l y  0 2p 
i n  c h a r a c t e r  and n o n - b o n d i n g  i n  n a t u r e , ( com pare  PTCL). T h i s  e MO 
c o r r e l a t e s  w i t h  t h e  4e MO o f  PTCL. T h i s  a s s i g n m e n t  i s  a l s o  c o n s i s t e n t  
w i t h  CNDO/2 c o m p u t a t i o n a l  r e s u l t s .  However,  B e t t r i d g e ,  e t  a l . ^  
h a v e  a s s i g n e d  1(3 )  t o  i o n i z a t i o n  from 0 - l o n e  p a i r  ( a  ^ t y p e  MO), and C-0 
( a  and e t y p e  MO's) s o l e l y  on t h e  b a s i s  o f  r e l a t i v e  band a r e a  c o n s i d e r a ­
t i o n s .  The a s s i g n m e n t  o f  1 (2 )  a s  1 ^ 2 ) and 1 (3 )  a s  1 ( e )  i s  f u r t h e r  
s u b s t a n t i a t e d  by CNDO/2 c o m p u t a t i o n a l  r e s u l t s  w h ic h  i n d i c a t e  a c o n t r i b u ­
t i o n  o f  78% and 57% by t h e  0 2p o r b i t a l  t o w a r d s  t h e  a 2 and e t y p e  MO's 
r e s p e c t i v e l y .  T h u s ,  t h e  r e m a i n i n g  two b a n d s  o f  the  l o w - e n e r g y  r e g i o n ,  
nam e ly  t h e  4 t h  and 5 t h  bands  s h o u l d  i n v o l v e  i o n i z a t i o n  from b o n d i n g  MO's. 
The f o u r t h  i o n i z a t i o n  e v e n t ,  1 (4 )  = 1 2 .4 2 e V ,  i s  a s s i g n e d  a s  1 ( e ) ,  
w h e re  t h i s  e t y p e  MO i s  s t r o n g l y  b o n d i n g  i n  n a t u r e  (c o m p a re  PTCL).
T h i s  a s s i g n m e n t  a g r e e s  w e l l  w i t h  t h a t  made by  B e t t r i d g e ,  ejt a l . 
and w i t h  CNDO/2 c o m p u t a t i o n s !  r e s u l t s .  T h i s  e - t y p e  MO c o r r e l a t e s  w i t h  
t h e  3e MO o f  PTCL. The f i f t h  i o n i z a t i o n  e v e n t ,  1 (5 )  = 1 4 .2 3 e V  i s  
a s s i g n e d  a s  I ( a ^ ) , w h e r e  t h i s  a^  MO i s  P - 0  b o n d i n g  i n  n a t u r e .  T h i s  
a ^ - t y p e  MO c o r r e l a t e s  w i t h  t h e  3a^  MO o f  PTCL. T h i s  a s s i g n m e n t  i s  i n  
a g r e e m e n t  w i t h  t h a t  made by B e t t r i d g e ,  e t  a l . ^  The CNDO/2 comp­
u t a t i o n a l  r e s u l t s  a l s o  s u p p o r t  t h i s  a s s i g n m e n t .
The UPS o f  TEPI i s  a s s i g n e d  i n  a s t r a i g h t f o r w a r d  m anner  by compar-- 
i s o n  w i t h  t h o s e  o f  TEPI and PTCL. T h e s e  a s s i g n m e n t s  a r e  l i s t e d  i n  
T a b l e  1 .  The CNDO/2 c o m p u t a t i o n a l  r e s u l t s  a l s o  s u p p o r t  t h e s e  a s s i g n ­
m e n t s .  The s h i f t  i n  i o n i z a t i o n  e v e n t s  t o w a r d s  l o w e r  e n e r g y  i n  g o i n g  
f ro m  TMPI t o  TEPI i s  i n  a g r e e m e n t  w i t h  CNDO/2 c o m p u t a t i o n a l  r e s u l t s  
w i t h  i n d i c a t e  a r e d u c e d  m a g n i t u d e  o f  t h e  p e r c e n t i l e  0  c h a r a c t e r  i n  
t h e  MO's o f  TEPI r e l a t i v e  t o  t h e  c o r r e s p o n d i n g  s e t  i n  TMPI.
The s p a c i n g  b e t w e e n  t h e  e x p e r i m e n t a l  i o n i z a t i o n  e n e r g i e s  a g r e e s
w e l l  w i t h  t h e  e n e r g y  gap  b e t w e e n  t h e  CNDO/2 MO's f o r  TMPI and TEPI a s
i n d i c a t e d  i n  F i g u r e  2.  L a s t l y ,  t h e  r e l a t i v e  d e s t a b i l i z a t i o n  o f  MO's
o f  TEPI compared  t o  t h o s e  o f  TMPI (b y  ~  0 .4eV) i s  mimic ked  by  t h e
CNDO/2 r e s u l t s ,  t h e  o n l y  e x c e p t i o n  b e i n g  t h e  a^  t y p e  MO ( w h ic h  c o r r e l a t e s
w i t h  t h e  3a^  MO o f  PTCL) r e p r e s e n t i n g  1 (5 )  . The e x p e r i m e n t a l  v a l u e  o f
t h i s  s h i f t  o f  1 (5 )  i n  g o i n g  from TEPI t o  TMPI i s  ~  0 .3 7 e V  w h e r e a s  the
CNDO/2. 3 h i f t  i s  0 . 8 6 eV. However,  t h i s  d i s c r e p a n c y  may be due t o  t h e
i m p r e c i s e  l o c a t i o n  o f  1 (5 )  w h i c h  i s  im bedded  i n  a r a t h e r  b r o a d  c o m p o s i t e
b a n d .  A l s o , .  E s t e n d e d  H u c k e l  c o m p u t a t i o n  r e p r o d u c e s  t h e  o r d e r  o f  MO's
53r e p r e s e n t e d  by  e x p e r i m e n t a l  i o n i z a t i o n  e v e n t s .
B. P h o s p h a t e s . The UPS o f  TMPA and TEPA a r e  d i s p l a y e d  i n  F i g u r e  4.  
I o n i z a t i o n  e v e n t s  and t h e i r  a s s i g n m e n t s  a r e  t a b u l a t e d  i n  T a b l e  2.  S in c e
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UPS DATA ( i n  eV) AND ASSIGNMENTS FOR POTCL, TMPA AND TEPA
Number
In d e x Compound Kl) 1 ( 2 ) 1 (3 ) 1 (4 ) 1 (5 ) 1 ( 6 )
1 . POTCL3 1 1 .8 9 1 2 . 3 6 12.  97 1 3 .4 6 1 3 . 8 5 1 5 .3 6
MO t y p e
Symmetry
D e s i g n a t i o n
O (A x i a l )
N on-bond ing
5e
C l ( E q u a t o r i a l )  
N o n-bond ing
l a 2
C l ( E q u a t o r i a l )  
N o n-bond ing  
4e
P - O ( A x ia l )  
Bonding 
5 a i
S t r o n g l y
Bonding
3e
P - C l ( E q u a t o r i a l )  
Bonding
4 a l
2 . TMPA 1 0 . 9 1 1 . 4 5 1 2 . 0 5 1 2 . 7 0 1 3 . 0 0 1 4 . 4 9 °
MO ty p e
Symmetry
D e s i g n a t i o n
O ( E q u a t o r i a l )
N o n -b o n d in g
a 2
O (A x ia l )
N on-b o n d in g
e
O ( E q u a t o r i a l )  
N on-bond ing  
e
P - O ( A x ia l )
Bonding
3 1
S t r o n g l y
Bonding
e
P - 0 ( E q u a t o r i a l )  
Bonding
3 1
3. TEPA 1 0 .6 9 1 1 . 1 0 1 1 . 6 6 1 2 . 1 2 1 2 . 40d 1 3 . 2 6 d
MO ty p e
Symmetry
D e s i g n a t i o n
O ( E q u a t o r i a l )
N o n -b o n d in g
a 2
O (A x i a l )  
N o n-bond ing  
e
O ( E q u a t o r i a l )
N o n -b o n d in g
e
P -O ( A x ia l )
Bonding
al
S t r o n g l y
Bonding
e
P - 0 ( E q u a t o r i a l )  
Bonding
3 1
a .  Taken  f rom R e f . 4 0 ’ 4 7 ’ 4 8
b.  The o u t e r  v a l e n c e  e l e c t r o n i c  c o n f i g u r a t i o n  i s  i d e n t i c a l  t o  t h a t  o f  R ef .  9.
c .  D i s p l a y s  v i b r a t i o n a l  f i n e  s t r u c t u r e  w i t h  a s p a c i n g  o f  ~  1000 cm
d .  P a r t  o f  a b r o a d  c o m p o s i t e  band .
t h e s e  m o l e c u l e s  can  be c a t e g o r i z e d  i n  t h e  p o i n t  g r o u p ,  t h e i r  MO’ s
a r e  l a b e l l e d  a ^ ,  a^  and  e .  M o r e o v e r ,  t h i s  s e t  o f  MO's c o r r e l a t e s  w i t h
t h e  c o r r e s p o n d i n g  s e t  o f  MO's f o r  p h o s p h o r u s  o x y t r i c h l o r i d e  (POTCL).
The UPS c o r r e l a t i o n  d i a g r a m  f o r  TMPA, TEPA and POTCL i s  d i s p l a y e d  i n
F i g u r e  5.  F i g u r e  5 a l s o  c o n s t i t u t e s  t h e  CNDO/2 c o r r e l a t i o n  d i a g r a m  f o r
40TMPA and TEPA. S i n c e  t h e  CNDO/2 method  f a i l s  t o  r e p r o d u c e  t h e  UPS
o r d e r  o f  MO's f o r  POTCL, CNDO/2 c o m p u t a t i o n s  f o r  POTCL w ere  n o t  i n c l u d e d
3 9 a , 4 0 , 4 6 , 4 7 , 4 8  , 4 0
xn F i g u r e  6.  However ,  f o r  c o m p l e t e n e s s ,  UPS, CNDO/2,
AO AA A 5HMO and a_b i n i t i o  ’ c o r r e l a t i o n  d i a g r a m  f o r  POTCL i s  p r e s e n t e d  i n
F i g u r e  6.  A c l o s e  e x a m i n a t i o n  o f  F i g u r e  6 d e s e r v e s  t h e  f o l l o w i n g  com­
ment  s :
( i )  Ab i n i t i o  c o m p u t a t i o n s  r e p r o d u c e  t h e  MO o r d e r  a s  ded u ce d  
f ro m  UPS. However ,  i t  u n d e r e s t i m a t e s  t h e  f i r s t  f i v e  i o n i z a t i o n  e v e n t s  
i n  POTCL.
( i i )  The CNDO/2 c o m p u t a t i o n  p r e d i c t s  t h a t  t h e  5a^ MO i s  t h e  
HOMO i n  POTCL, w h e r e a s ,  i t  h a s  b e e n  i n f e r r e d  f rom  UPS m e a s u r e m e n t s  t h a t  
5a^ i s  a c t u a l l y  4 t h  l o w e s t  i n  t h e  s e q u e n c e  o f  f i l l e d  MO's.  M o re o v e r ,  
i t  o v e r e s t i m a t e s  t h e  i o n i z a t i o n  e n e r g i e s .
( i i i )  The HMO method r e p r o d u c e s  t h e  e x p e r i m e n t a l  MO s e q u e n c e .
But  i t  f a i l s  t o  r e p r o d u c e  t h e  e n e r g y  g a p s  b e t w e e n  t h e  v a r i o u s  i o n i z a ­
t i o n  e v e n t s .
The a c c e p t e d  MO o r d e r  i n  POTCL i s  5e >  la  ^ >  4e >  5a^ ••> 3e >  4 a ^ .  
The n a t u r e  and c h a r a c t e r i s t i c s  o f  t h e s e  MO's a r e  o u t l i n e d  i n  T a b l e  2.
An i n s p e c t i o n  o f  t h e  UPS o f  TMPA, TEPA and p h o s p h i t e s  l e a d s  t o  
t h e  f o l l o w i n g  comments :
( i )  The l o w - e n e r g y  UPS r e g i o n  (9 -15eV )  o f  TMPA c o n t a i n s  s i x
F i g u r e  5.  The UPS c o r r e l a t i o n  d i a g r a m  f o r  POTCL, TMPA and TEPAE 
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b a n d s .  A l t h o u g h  t h e  same o b s e r v a t i o n  i s  made w i t h  r e g a r d  t o  POTCL, 
i t  a p p e a r s  t h a t  t h e  band s h a p e s  o f  POTCL d i f f e r  s i g n i f i c a n t l y  f ro m  t h o s e  
o f  TMPA. M o re o v e r ,  t h e  i o n i z a t i o n  e v e n t s  o f  TMPA a r e  s h i f t e d  by  ~  l a V  
t o w a r d s  l o w e r  e n e r g y  r e l a t i v e  t o  t h o s e  o f  POTCL. T h i s  d e s t a b i l i z a t i o n  
o f  t h e  MO's o f  TMPA r e l a t i v e  t o  t h o s e  o f  POTCL i s  due  t o  t h e  f a c t  t h a t  
e n e r g e t i c a l l y  0 2p AO >  Cl 2p AO.
( i i )  The UPS o f  TEPA r e s e m b l e s  t h a t  o f  TMPA w i t h  t h e  e x c e p t i o n  
t h a t  t h e  4 t h  and 5 t h  b a n d s  o f  TEPA h ave  c o a l e s c e d  and t h a t  t h e  6 t h  
band h a s  become p a r t  o f  a b r o a d  c o m p o s i t e  band w h ic h  c o n t a i n s  o t h e r  
u n i d e n t i f i e d  C-C and C-H t  i o n i z a t i o n  e v e n t s .  A l s o ,  t h e  i o n i z a t i o n  
e v e n t s  o f  TEPA o c c u r  a t  l o w e r  e n e r g i e s  t h a n  t h o s e  o f  TMPA.
( i i i )  A l t h o u g h  t h e  UPS o f  t h e  p h o s p h a t e s  a r e  v e r y  s i m i l a r  t o  t h o s e  
o f  p h o s p h i t e s ,  t h e  f o l l o w i n g  d i f f e r e n c e s  i n  t h e  g r o s s  f e a t u r e s  o f  t h e  
p h o s p h a t e s  a r e  o b v i o u s :
( a )  The p h o s p h a t e  s p e c t r a  do n o t  e x h i b i t  P - l o n e  p a i r  ban d .
(b )  An 0 ( A x i a l )  n o n - b o n d i n g  i o n i z a t i o n  e v e n t  o c c u r s  i n  t h e
s p e c t r a  o f  p h o s p h a t e s  b u t  n o t  i n  t h o s e  o f  t h e  p h o s p h i t e s .
( c )  An i o n i z a t i o n  e v e n t  a s s o c i a t e d  w i t h  t h e  P - 0  ( A x i a l )  b o n d i n g  MO, 
t h e  f o r m a t i o n  o f  w h i c h  i s  f a c i l i t a t e d  by e l e c t r o n  d o n a t i o n  f rom  t h e  t o p ­
m os t  f i l l e d  a^ ( a )  MO o f  t h e  p h o s p h i t e s ,  i s  p r e s e n t  i n  t h e  p h o s p h a t e s .  
T h u s ,  a l t h o u g h  t h i s  i o n i z a t i o n  e v e n t  i s  a b s e n t  i n  p h o s p h i t e ,  i t  m us t  
c o r r e l a t e  w i t h  t h e  l o w e s t - e n e r g y  i o n i z a t i o n  e v e n t ,  n a m e ly  t h e  a ^ ,
P - l o n e  p a i r  i o n i z a t i o n  e v e n t ,  o f  t h e  p h o s p h i t e s .
The i o n i z a t i o n  e v e n t s  o f  p h o s p h a t e s  s h i f t  t o w a r d s  h i g h e r  e n e r g i e s  
r e l a t i v e  t o  t h e  p h o s p h i t e s .  T h i s  s t a b i l i z a t i o n  o f  t h e  p h o s p h a t e  MO's 
r e l a t i v e  t o  t h e  c o r r e s p o n d i n g  s e t  o f  p h o s p h i t e  MO's i s  due t o  t h e  
i n t r o d u c t i o n  o f  t h e  e l e c t r o n e g a t i v e  ox y g en  a t o m . ^  A c o m p a r i s o n  o f  th e
UPS o f  POTCL and PTCL r e v e a l s  t h e  same e f f e c t .
( i v )  A c o m p a r i s o n  o f  t h e  band s h a p e s  o f  t h e  f i r s t  two UPS b a n d s
o f  TMPA and POTCL i n d i c a t e s  t h a t  t h e  o r d e r  o f  t h e  two t o p m o s t  MO’s
o f  POTCL m i g h t  w e l l  have  i n v e r t e d  i n  TMPA. I n  POTCL, t h e  l a ^  MO
c o n s i s t s  s o l e l y  o f  Cl 3p o r b i t a l s  (100% c o n t r i b u t i o n ) ,  w h e r e a s  t h e
47C13p o r b i t a l s  c o n t r i b u t e  o n l y  55% t o w a r d s  t h e  5e MO. C o n s e q u e n t l y  
one  may e x p e c t  a r e v e r s a l  o f  t h e  o r d e r i n g  o f  t h e  5e and  la  ^ MO's o f  POTCL 
r e l a t i v e l y  t o  t h a t  o f  TMPA s i m p l y  on t h e  b a s i s  o f  e n e r g e t i c  c o n s i d e r a t i o n  
o f  0 2p and  Cl 3p a t o m i c  o r b i t a l s .  W i th  t h e s e  s u p p o s i t i o n s  i n  mind,  
an  a t t e m p t  c a n  be made t o  a n a l y z e  t h e  UPS o f  p h o s p h a t e s .
I n  TMPA, 1 (1 )  is 1 0 .9 eV  r e p r e s e n t s  i o n i z a t i o n  f ro m  a n  a  ^ t y p e  
MO w h ic h  r e l a t e s  t o  t h e  l a £  MO o f  POTCL. I t  s h o u l d  be n o t e d  t h a t  t h i s  
band i s  s h a r p  and w e l l - d e f i n e d ,  i n d i c a t i n g  i o n i z a t i o n  f rom  a n o n - b o n d i n g  
MO. T h i s  a^  MO i s  s t a b i l i z e d  by  ~  0 .3 e V  r e l a t i v e  t o  t h e  c o r r e s p o n d i n g  
a  ^ MO i n  t h e  p h o s p h i t e s .  The s e c o n d  i o n i z a t i o n  e v e n t ,  1 (2 )  = 11 .4 5 eV ,  
i s  a s s i g n e d  a s  1 ( e ) , w h e re  t h e  e MO h a s  a l a r g e  c o n t r i b u t i o n  f rom 0 
( a x i a l )  2p a t o m i c  o r b i t a l  and i s  n o n - b o n d i n g  i n  n a t u r e .  T h i s  e MO 
c o r r e l a t e s  w i t h  t h e  5e MO o f  POTCL. T h i s  i o n i z a t i o n  e v e n t  i s  a b s e n t  
i n  t h e  p h o s p h i t e s .  -However, B e t t r i d g e ,  e t  a l . ^  h a v e  a s s i g n e d  1 (1 )  as 
1 ( e )  d e s p i t e  t h e  f a c t  t h a t  c o m p a r i s o n  o f  t h e  s h a p e s  o f  t h e  f i r s t  two
b a n d s  o f  TMPA and POTCL i n d i c a t e s  t h a t  t h e  a s s i g n m e n t  o f  1 (2 )  a s  1 ( e )
48i s  more l i k e l y  t h a n  t h e  a l t e r n a t i v e  a s s i g n m e n t  o f  B e t t r i d g e ,  et a l .
n a m e ly  1 (1 )  a s  1 ( e ) .  M o re o v e r ,  t h i s  p a r t i c u l a r  o r d e r  o f  MO's :  a^
(w h i c h  c o r r e s p o n d s  t o  l a ^  MO o f  POTCL) > e ( w h ic h  c o r r e s p o n d s  t o  5e
MO o f  POTCL), i s  e x p e c t e d  on t h e  b a s i s  o f  MO c o m p o s i t i o n s  a s  d e r i v e d
f rom  CNDO/2 c o m p u t a t i o n s .  I n  t h e  s t r u c t u r a l l y - r e l a t e d  compound,
53H^PO^, t h e  CNDO/2 c o m p u t a t i o n a l  r e s u l t s  p r e d i c t  l a ^  t o  be t h e
The t h i r d  i o n i z a t i o n  e v e n t ,  1 ( 3 )  = 1 2 .0 5 eV  i s  a s s i g n e d  a s  1 ( e ) ,  w h e re  
t h i s  e MO c o r r e s p o n d s  t o  t h e  4e MO o f  POTCL. M o r e o v e r ,  t h i s  e MO i s  
s t a b i l i z e d  by  ~  0 .7 e V  r e l a t i v e  t o  i t s  c o r r e s p o n d e n t  e MO i n  TMPI 
( com pa re  POTCL and PTCL).  The f o u r t h  i o n i z a t i o n  e v e n t ,  1 (4 )  a  1 2 .7 e V ,  
i s  a s s i g n e d  a s  I ( a ^ )  w h e r e  t h i s  a^  MO, w h i c h  i s  t h e  c o u n t e r p a r t  
o f  t h e  5a^  MO o f  POTCL, i s  P - 0  ( A x i a l )  b o n d i n g  i n  n a t u r e .  C o n s e q u e n t l y ,  
t h i s  a^ t y p e  MO i s  r e l a t e d  t o  t h e  a^  HOMO o f  p h o s p h i t e s .  T h i s  d e ­
p r e s s i o n  o f  t h e  a^  HOMO o f  p h o s p h i t e s  by  ~  3 .4 e V  on f o r m a t i o n  o f  
P - 0  ( A x i a l )  oond i s  i n  e x c e l l e n t  a g r e e m e n t  w i t h  s i m i l a r  e f f e c t s  i n  
PF^/POF^ and PCl^/POCL^ p a i r s .  The f i f t h  i o n i z a t i o n  e v e n t ,  1 (5 )  =
1 3 .0 eV  i s  a s s i g n e d  a s  1 ( e ) ,  w h e re  t h i s  e MO i s  t h e  c o u n t e r p a r t  o f  t h e  3e 
MO o f  POTCL. T h i s  e MO, w h i c h  i s  s t r o n g l y  b o n d i n g  i n  n a t u r e ,  i s  
d e s t a b i l i z e d  by  ~  0 .8 5 a V  r e l a t i v e  t o  t h e  3e MO o f  POTCL. M o r e o v e r ,  
t h i s  e MO i s  s t a b i l i z e d  by  ~  0 .6 e V  r e l a t i v e  t o  t h e  c o r r e s p o n d i n g  e 
MO i n  TMPI (c o m p a re  POTCL and PTCL). The s i x t h  i o n i z a t i o n  e v e n t ,
1 (6 )  = 1 4 .4 9 e V ,  i s  a s s i g n e d  a s  I ( a ^ ) , w he re  t h i s  MO, w h ic h  i s  t h e  
c o u n t e r p a r t  o f  t h e  4a^  MO i n  POTCL, i s  P - 0  ( E q u a t o r i a l )  b o n d i n g  i n  
n a t u r e  and  i s  d e s t a b i l i z e d  by <-* 0 .9eV  r e l a t i v e  t o  the 4a^  MO i n  POTCL. 
T h i s  i o n i z a t i o n  e v e n t  e x h i b i t s  v i b r a t i o n a l  e x c i t a t i o n .  The o b s e r v e d
s p a c i n g  o f  ~  1000 cm \  w h i c h  i s  i n  c l o s e  a g r e e m e n t  w i t h  t h e  P - 0  s t r e t c h -
- 1  54i n g  f r e q u e n c y  o f  1050 cm i n  t h e  n e u t r a l  m o l e c u l e ,  s u g g e s t s  t h a t  t h e
s y m m e t r i c a l  P - 0  s t r e t c h i n g  mode i s  e x c i t e d .  I o n i z a t i o n ' f rom  t h e  4a^
MO o f  POCL^ and POF^ a l s o  i n v o l v e s  s i m i l a r  v i b r a t i o n a l  e x c i t a t i o n . ^
F i n a l l y ,  t h i s  a MO i s  s t a b i l i z e d  by  1 .3 e V  r e l a t i v e  t o  t h e  c o r r e s p o n d -  
1
i n g  a^  MO i n  TMPI (com pare  POTCL and PTCL).
The CNDO/2 c o m p u t a t i o n a l  r e s u l t s  r e p r o d u c e  t h e  above  o r d e r i n g  o f  
UPS MO's w i t h  t h e  s i n g l e  e x c e p t i o n  o f  t h e  f i r s t  a^  MO w h i c h  c o r r e s p o n d s
t o  5a^ MO i n  POTCL. T h i s  a nom a ly  i s  a l s o  o b s e r v e d  w i t h  POTClf1'^ Thus ,  
i t  may w e l l  be an  o d d i t y  o f  t h e  CltDO/2 c o m p u t a t i o n .
The UPS o f  TEPA i s  a n a l y z e d  i n  a s t r a i g h t f o r w a r d  m anner  by c o m p a r in g  
i t  w i t h  t h a t  o f  TMPA. The a s s i g n m e n t s  a r e  t a b u l a t e d  i n  T a b l e  2. The 
d e s t a b i l i z a t i o n  o f  t h e  MO's o f  TEPA r e l a t i v e  t o  TMPA a g r e e s  w e l l  w i t h  
t h e  m a g n i t u d e  o f  d e s t a b i l i z a t i o n  o f  t h e  MO's o f  TEPI r e l a t i v e  t o  t h o s e  
o f  TMPI. F u r t h e r m o r e ,  t h e  MO s t a b i l i z a t i o n s  r e l a t i v e  t o  TEPI compare  
f a v o u r a b l y  w i t h  t h e  s t a b i l i z a t i o n  m a g n i t u d e s  o f  TMPI r e l a t i v e  t o  t h o s e  o f  
TMPA. The CMDO/2 r e s u l t s  f o r  TEPA m im ic  t h e  o r d e r i n g  o f  MO's a s  d ed u ce d  
f ro m  UPS, w i t h  t h e  s i n g l e  e x c e p t i o n  o f  t h e  f i r s t  a^  MO w h ic h  i s  m i s p l a c e d .  
The same o b s e r v a t i o n  p e r t a i n s  t o  POTCL and TMPA.
C. P - 0  ( A x i a l )  Bonds i n  P h o s p h a t e s .  The l i g a n d  p r o p e r t i e s  o f  p h o s p h i t e s  
can  be d e s c r i b e d  i n  t e r m s  o f  t h e i r  c r -doner  and T f - a c c e p to r  c a p a b i l i t i e s .
I n  g o i n g  from p h o s p h i t e  t o  p h o s p h a t e s ,  b o n d in g  o c c u r s  t h r o u g h  e l e c t r o n  
d o n a t i o n  f rom  t h e  h i g h e s t - f i l l e d  MO o f  symmetry  a ^ ( a ) ,  w h ic h  i s  p r e ­
d o m i n a n t l y  l o c a l i z e d  on t h e  p h o s p h o r u s  a tom ,  and by  e l e c t r o n  a c c e p t a n c e  
i n t o  t h e  f i r s t  v i r t u a l  o r b i t a l  o f  symmetry  e(]T), w h ic h  h a s  s u b s t a n ­
t i a l  p h o s p h o r u s  3d c h a r a c t e r .  ^  T a b l e  3 d i s p l a y s  t h e  r e s u l t s  o f  CMDO/2 
c a l c u l a t i o n s  r e l e v a n t  t o  t h e  p r e s e n t  d i s c u s s i o n .  On f o r m a t i o n  o f  p h o s p h a t e  
f ro m  p h o s p h i t e s ,  t h e r e  i s  a n e t  d o n a t i o n  o f  0 . 2 4 e  f rom p h o s p h o r u s  t o  
oxygen  a tom .  T h i s  p r o c e s s  i s  a c c o m p a n ie d  by a r e d u c t i o n  i n  t h e  p h o s p h o r ­
us  3s and 3p<7 AO p o p u l a t i o n s  and an  i n c r e a s e  i n  t h e  3pTT and 3dTf AO p op ­
u l a t i o n s .  T h i s  e f f e c t  i s  a d i r e c t  c o n s e q u e n c e  o f  t h e  d o n o r - a c c e p t o r  
p r o p e r t i e s  o f  p h o s p h i t e s .
I n  p h o s p h i t e s ,  t h e  HOMO, w h ic h  i s  o f  symmetry  and h a s  t h e  
p r e d o m i n e n t  c h a r a c t e r i s t i c s  o f  t h e  P - l o n e  p a i r  o r b i t a l ,  h a s  ~  32% P 
3s AO c h a r a c t e r ,  w h i l e  t h e  c o r r e s p o n d i n g  MO (w h ic h  c o r r e l a t e s  w i t h  t h e
TABLE 3
AO POPULATIONS OF PHOSPHITES 
AND PHOSPHATES
P h o s p h o r u s
AO
TMPI TMPA TEPI TEPA
3s 1 . 7 2 1 . 0 0 1 . 7 2 1 . 0 3
3 p ( a 1 ) 0 . 7 9 0 . 6 1 0 . 80 0 . 6 1
3 p ( e ) 0 . 8 8 1 . 0 9 0 . 8 8 1 . 0 9
3 d ( a p 0 . 2 5 0 . 3 2 0.  25 0.  32
3 d ( e ) 1 . 0 2 1 . 4 0 1 . 0 2 1 . 3 9
A to m i c  Charge 0 . 3 3 0 . 5 7 0 . 3 1 0.  56
5a^ MO i n  POTCL) i n  p h o s p h a t e s  h a s  ~  1% P 3s AO c h a r a c t e r .  The m a j o r  
component  o f  t h e  l a t t e r  MO i s  t h e  0 2p AO ( ~  70%). T h i s  d e l o c a l i z a t i o n  
e x p l a i n s  t h e  i n c r e a s e  ( ~  3 . 4 e V  ) o f  t h e  i o n i z a t i o n  e n e r g y  c a u s e d  by 
c o o r d i n a t i o n .  The f i r s t  e MO o f  p h o s p h a t e s  ( i e . , t h e  MO w h ic h  c o r r e s p o n d s  
t o  t h e  5e MO o f  POTCL), w h i c h  i s  t h e  a c c e p t o r  o r b i t a l  o f  POTCL, h a s  7% and 
3% P 3d c h a r a c t e r  i n  TMPA and TEPA, r e s p e c t i v e l y ,  a c c o u n t i n g  f o r  much o f  
t h e ' - i n c r e a s e  i n  P 3d p o p u l a t i o n  on  c o o r d i n a t i o n .  A l l  t h e s e  r e s u l t s  
com pare  f a v o u r a b l y  w i t h  t h e  r e s u l t s  o f  ab_ i n i t i o  c o m p u t a t i o n s  f o r  
PF3  and POF3 . 5 5
A c l o s e  e x a m i n a t i o n  o f  T a b l e  3 r e v e a l s  t h e  f o l l o w i n g  c h a n g e s  ir .  
o r b i t a l  p o p u l a t i o n s  b e t w e e n  t h e  p h o s p h a t e s  and p h o s p h i t e s .
( i )  P o p u l a t i o n s  o f  P 3s and P 3 p a  o r b i t a l s  d e c r e a s e  by ~  0 . 7 e  
and ~  0 . 2 e ,  r e s p e c t i v e l y .
( i i )  P o p u l a t i o n s  o f  P 3pTT and P 3dTT o r b i t a l s  i n c r e a s e  by ~  0 . 2 e  
and ~  0 . 4 e ,  r e s p e c t i v e l y .
( i i i )  T h e r e  i s  an  i n c r e a s e  i n  f o r m a l  c h a r g e  on t h e  P a tom  by ~  + 0 . 2 4 ,  
w h i l e  t h e  c h a r g e s  on  o t h e r  a toms a r e  a f f e c t e d  b u t  l i t t l e .
D. S u b s t i t u t e d  P h o s p h a t e s .  The UPS o f  DEDTPA, DECLTPA, DECLPA and 
DMMFNA a r e  d i s p l a y e d - i n  F i g u r e  7. I o n i z a t i o n  e v e n t s  and t h e i r  a s s i g n ­
m e n t s  a r e  t a b u l a t e d  i n  T a b l e  .4. S i n c e  t h i s  s e t  o f  m o l e c u l e s  can  be 
c a t e g o r i z e d  i n  t h e  C^ p o i n t  g r o u p , . t h e i r  MO's a r e  l a b e l l e d  a ’ and a ' 1.
The UPS c o r r e l a t i o n  d i a g r a m  f o r  POTCL, DEDTPA, DECLTPA,• DECLPA and DMMPNA 
i s  p r e s e n t e d  i n  F i g u r e  8 . F i g u r e  8 a l s o  c o n t a i n s  a CNDO/2 c o r r e l a t i o n  f o r  
DEDTPA, DECLTPA, DECLPA and DMMPNA. The l a b e l s  i n  t h e  CNDO/2 c o r r e l a t i o n  
d i a g r a m  r e f e r  t o  t h e  MO's i n  POTCL f rom  w h ic h  t h e  MO's o f  t h e s e  compounds 
d e r i v e .  The MO's w h i c h  a r e  d e g e n e r a t e  i n  p h o s p h a t e s  and p h o s p h i t e s  
(C3v p o i n t  g r o u p )  w i l l  be s p l i t  i n t o  a '  and a * '  MO's i n  s u b s t i t u t e d

















UPS DATA ( i n  eV) AND ASSIGNMENTS FOR 
DEDTPA, DECLTPA, DECLPA and DMMPNA
Number
In d e x Compound 1 ( 1 ) 1 ( 2 ) 1 ( 3 ) 1(4 ) 1 ( 5 ) 1 ( 6 ) 1 (7 ) 1 ( 8 )
1 . DEDTPA
Symmetry d e s i g ­
n a t i o n  o f  t h e  MO 
i n v o l v e d
9 . 1 4
a "
9 . 1 4
a '
1 0 . 1 2
a "
1 0 . 8 9
a ”
1 1 . 4 2  
a 1
1 2 .0 3  
a 1
1 2 . 2 9
a "
1 2 . 6 0  
a '
P a r e n t a g e  w i t h  
POTCL a s  r e f e r e n c e 5e 5e
l a 2
4e 4e 5 a l 3e 3e
2 . DECLTPAE 
Symmetry d e s i g ­
n a t i o n  o f  t h e  MO 
i n v o l v e d




1 1 . 1 0
a "
1 1 . 80 
a ’
1 2 . 2 0  
a '
1 2 . 4 6
a ”
13.  20 
a '
1 3 . 8 4
a "
P a r e n t a g e  w i t h  
POTCL a s  r e f e r e n c e 5e 5e
l a 2
4e 5a i 4e 3e 3e
3. DECLPAE
Symmetry d e s i g ­
n a t i o n  o f  t h e  MO 
i n v o l v e d
1 1 .0 7
a '
1 1 . 0 7
a ”
1 1 . 7 4
a ”
1 2 . 0 9
a*
1 2 . 4 6
a "
1 2 . 9 0  
a '
13.  70 
a '
■
P a r e n t a g e  w i t h  
POTCL a s  r e f e r e n c e 5e l a  2 5e 4e 4e 5a i 3e
4. DMMPNAE
Symmetry d e s i g ­
n a t i o n  o f  t h e  MO 
i n v o I v e d
1 0 . 7 1
a 1
1 1 . 2 6
a ”
1 1 . 8 3
a "
1 2 .3 7
a ’
1 2 . 6 5
a ”
12.  65 
a 1 1
1 3 . 6 8  
a '
P a r e n t a g e  w i t h  
POTCL a s  r e f e r e n c e 5e
l a 2
5e . 4e 4e
5 3 1
3e
F ig u r e  8 UPS c o r r e l a t i o n  d i a g r a m  f o r  POTCL, DEDTPAE, DECLTPA, 
DECLPA and DMMPNA. I t  a l s o  c o n t a i n s  a CNDO/2 c o r r e l a t i o n  
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p h o s p h a t e s  (C p o i n t  g r o u p ) .  M o r e o v e r ,  t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  t h e  
MO's o f  t h e  same sym m etry  w i l l  mix  w i t h  one a n o t h e r .
A c l o s e  e x a m i n a t i o n  o f  t h e  UPS o f  DEDTPA, DECLTPA, DECLPA, DMMPNA 
and TEPA s u g g e s t s  t h e  f o l l o w i n g :
( i )  The UPS o f  DECLPA i s  v e r y  s i m i l a r  t o  t h a t  o f  TEPA. The i o n i z a ­
t i o n  e v e n t s  o f  DECLPA h ave  s h i f t e d  t o  h i g h e r  e n e r g y  r e l a t i v e  t o  t h o s e  o f  
TEPA.
( i i )  I n  DECLTPA and DEDTPA, t h e  f i r s t  two b a n d s  a r e  r a t h e r  s h a r p  
and i s o l a t e d .  T h u s ,  t h i s  band may i n v o l v e  i o n i z a t i o n  f rom t h e  n o n - b o n d ­
i n g  P-S ( A x i a l )  MO.
( i i )  I n  DEDTPA, t h e  s e c o n d  ban d ,  a t  1 0 .12eV ,  w h ic h  i s  b u t  a b o u t  
h a l f  a s  i n t e n s e  a s  t h e  f i r s t  bond ,  may w e l l  be a s s o c i a t e d  w i t h  an  S - l o n e  
p a i r  i o n i z a t i o n  f ro m  t h e  -SH g r o u p  s i n c e  t h i s  band i s  a b s e n t  i n  DECLTPA.
( i v )  The i o n i z a t i o n  e v e n t s  o f  DEDTPA o c c u r  a t  l o w e r  e n e r g y  t h a n  t h o s e  
o f  DECLTPA.
The c o m p a r i s o n  o f  t h e  UPS o f  t h e s e  compounds w i t h  t h o s e  o f  TMPA,
POTCL and SPCl^ p r o v i d e s  a v a l u a b l e  t o o l  f o r  a n a l y z i n g  t h e i r  s p e c t r a .
I n  DEDTPA and DECLTPA t h e  f i r s t  b a n d ,  w h ic h  o c c u r s  a t  9 . 1 4  and 9 . 3 1  
eV, i s  s h a r p  and h a s  t h e  same band s h a p e .  H ence ,  i t  m us t  c o n t a i n  i o n i z a ­
t i o n  e v e n t s  a s s o c i a t e d  w i t h  a '  and a 1 ' MO's w h ic h  a r e  r e l a t e d  t o  t h e  5e 
MO's o f  POTCL and SPCl^ .  The S ( A x i a l )  l o n e  p a i r  makes a r a t h e r  l a r g e  
c o n t r i b u t i o n  t o w a r d s  t h e s e  a '  and a ' '  MO's.  T h ese  a '  and a 1 ' MO's o f  
DEDTPA and DECLTPA a r e  d e s t a b i l i z e d  by  2 .0eV  r e l a t i v e  t o  t h e  c o r r e s p o n d ­
i n g  MO's o f  POTCL. T h i s  i s  h a r d l y  s u r p r i z i n g  s i n c e  t h e s e  MO's have  ~  607>
S c h a r a c t e r .  A l s o ,  t h e  w i d t h  o f  t h i s  f i r s t  band i n  DEDTPA and DECLTPA i s  
l a r g e  en o u g h  t o  c o n t a i n  two i o n i z a t i o n  e v e n t s .  CNDO/2 c o m p u t a t i o n  a l s o  
s u p p o r t s  t h i s  c o n t e n t i o n .  A l s o ,  t h i s  a s s i g n m e n t  co m p ares  f a v o u r a b l y  w i t h
t h e  S - l o n e  p a i r  i o n i z a t i o n  i n  t h i o f o r m a l d e h y d e  w h i c h  o c c u r s  a t  9 . 3 8 e V . ^
I n  DEDTPA, t h e  s e c o n d  band a t  1 0 .1 2 e V  i s  h a l f  a s  i n t e n s e  a s  t h e
f i r s t  band and i s  a b s e n t  i n  DECLTPA. T h u s ,  s i m p l y  f rom  t h e  p o i n t  o f  
v ie w  o f  n a i v e  i n t e n s i t y  a r g u m e n t s ,  t h e  s e c o n d  band m u s t  c o n t a i n  t h e  
S - l o n e  p a i r  i o n i z a t i o n  o f  t h e  -SH g r o u p .  T hus ,  1 (3 )  = 1 0 .1 2 e V ,  i s  
a s s i g n e d  a s  i C a 11) ,  w h e r e  t h i s  a 1 ' MO i s  r e l a t e d  t o  t h e  la  ^ MO o f  
POTCL. T h i s  a s s i g n m e n t ,  co m p ares  f a v o u r a b l y  w i t h  t h e  S - l o n e  p a i r  
i o n i z a t i o n  o f  t h e  -SH g ro u p  i n  CH^-SH a t  9 . 4 4 e V . ^  I n  DEDTPA, 1 (4 )  = 
1 0 .8 9 eV  and 1 (5 )  = 1 1 .4 2 e V ,  a r e  t e n t a t i v e l y  a s s i g n e d  a s  I ( a r , ) . a n d  
I ( a ' )  w h e re  t h e s e  a ' 1 and a '  MO's r e l a t e  t o  t h e  43 MO o f  POTCL and 
TEPA. The a s s i g n m e n t  1 ( 5 )  a s  I ( a , f ) a g r e e s  f a v o u r a b l y  w i t h  1 ( 5 )  o f  
TEPA ( i . e . ,  t h e  i o n i z a t i o n  e v e n t  f ro m  t h e  O ( E q u a t o r i a l )  l o n e  p a i r  w h ic h  
r e l a t e s  t o  t h e  4e MO o f  POTCL), w h i c h  o c c u r s  a t  1 1 .6 6 e V .  The s i x t h  
i o n i z a t i o n  e v e n t  i n  DEPTA, 1 (6 )  = 1 2 .0 3 e V ,  i s  a s s i g n e d  t e n t a t i v e l y  a s  
I ( a ' )  w h e re  t h i s  a ’ MO c o r r e s p o n d s  t o  t h e  5a^ MO i n  POTCL and  SPCL^.
T h i s  a s s i g n m e n t  a g r e e s  w i t h  t h a t  o f  I ( 5 a ^ )  i n  SPCl^ and TEPA ( w h ic h
o c c u r s  a t  1 2 . 6 5  and 1 2 .1 2 e V ,  r e s p e c t i v e l y ) .  I n  DEDTPA, 1 (7 )  = 1 2 .29eV
and 1 ( 8 )  = 1 2 .6 0 e V ,  a r e  a s s i g n e d  t e n t a t i v e l y  a s  I ( a ' ' )  and I ( a ' ) ,  
w h e re  t h e s e  a ' 1 and a '  MO's a r e  r e l a t e d  t o  th e  3e MO o f  POTCL and TEPA.
T h i s  a s s i g n m e n t  a g r e e s  w e l l  w i t h  I ( 3 e )  = 12 .40eV  i n  TEPA.
I n  DECLTPA, 1 ( 1 )  = 9 .3 1 eV  and 1 (2 )  = 9 .3 1 e V  a r e  a s s i g n e d  a s  I ( a !) 
and I ( a ' ' )  on t h e  b a s i s  o f  c o m p a r i s o n  o f  t h e  f i r s t  two b a n d s  o f  DECLTPA 
and DEDTPA. T h e s e  a ’ and  a ' 1 MO's a r e  r e l a t e d  t o  t h e  5e MO i n  POTCL.
The t h i r d  i o n i z a t i o n  e v e n t ,  1 (3 )  = H . l O e V ,  i s  t e n t a t i v e l y  a s s i g n e d  a s  
1 ( 3 ' ' ) ,  w h e re  t h i s  a 11 MO c o r r e s p o n d s  t o  l a £  MO i n  POTCL. T h i s  a s s i g n m e n t  
a g r e e s  f a v o u r a b l y  w i t h  l{la^) = 1 0 .69eV  i n  TEPA. The f o u r t h  i o n i z a ­
t i o n  e v e n t ,  1 ( 4 )  = 1 1 .8 0 e V ,  i s  t e n t a t i v e l y  a s s i g n e d  as  I ( a ' ) ,
w here  t h i s  a* MO c o r r e s p o n d s  t o  4e MO i n  POTCL. T h i s  a s s i g n m e n t  a g r e e s  
w e l l  w i t h  I ( 4 e )  = 1 1 .6 6 e V  i n  TEPA. The f i f t h  i o n i z a t i o n  e v e n t ,  1 ( 5 )  = 
12 .2 0 e V ,  i s  a s s i g n e d  t e n t a t i v e l y  a s  I ( a ' )  w h e re  t h i s  a 1 MO c o r r e s p o n d s  
t o  5a^ MO i n  POTCL. T h i s  a s s i g n m e n t  i s  c o n s i s t e n t  w i t h  I ( 5 a ^ )  i n  TEPA 
and DEDTPA ( w h ic h  o c c u r  a t  1 2 .1 2 e V  and  1 2 . 0 3 e V } r e s p e c t i v e l y ) .  A l s o ,  
i n  t h i s  compound,  1 ( 6 )  = 1 2 .4 6 e V  i s  a s s i g n e d  t e n t a t i v e l y  a s  I ( a ' ' ) ,  
w h e re  t h i s  a 1 ' MO d e r i v e s  f ro m  t h e  4 e  MO i n  POTCL and SPCl^ .  T h i s  a s s i g n  
ment i s  i n  f a v o u r a b l e  a g r e e m e n t  w i t h  I ( 4 e )  = 1 2 .6 5 e V  i n  SPCl^ .  I n  
DECLTPA, 197) = 1 3 .2 0 e V  and 1 (8 )  = 1 3 .8 4 e V ,  a r e  t e n t a t i v e l y  a s s i g n e d  
a s  I ( a ’ ) and I ( a , f ) ,  r e s p e c t i v e l y ,  w h e re  t h e s e  a '  and a ’’ MO’s c o r r e s ­
pond t o  t h e  3e MO o f  POTCL. T h e s e  a s s i g n m e n t s  a r e  c o n s i s t e n t  w i t h  I ( 3 e )  = 
1 3 . 39eV i n  SPC1
■ J •
I n  DECLPAE, 1 (1 )  = 1 1 .0 9 eV  i s  t e n t a t i v e l y  a s s i g n e d  a s  I ( a ’) ,  w he re  
t h i s  a ’ MO i s  d e r i v e d  f rom  5e MO i n  POTCL. T h i s  a s s i g n m e n t  co m p ares  
f a v o u r a b l y  w i t h  I ( 5 e )  = H . l O e V  i n  TEPA. The s e c o n d  i o n i z a t i o n  e v e n t ,  
1 (2 )  =  H . l O e V ,  i s  t e n t a t i v e l y  a s s i g n e d  a s  I ( a '  ' ) ,  w he re  t h i s  a 1 ' MO 
d e r i v e s  f rom t h e  la  ^ MO i n  POTCL. T h i s  a s s i g n m e n t  i s  c o n s i s t e n t  w i t h  
I ( l a  ) = 1 0 . 69eV and  I ( l a 2) = 11 .2 0 eV  i n  TEPA and  DECLTPA, r e s p e c t i v e l y .  
The t h i r d  i o n i z a t i o n  e v e n t ,  1 ( 3 )  = 1 1 .7 4 e V ,  w h ic h  m e a s u r e s  w e l l  w i t h  I ( 5 e  
= 1 1 .8 9 eV  i n  POTCL, i s  a s s i g n e d  t e n t a t i v e l y  a s  I ( a M ) w h e r e  t h i s  a 1 ' MO 
i s  r e l a t e d  t o  5e MO i n  POTCL. I n  t h i s  compound,  1 (4 )  = 1 2 .0 9 eV  and 
1 ( 5 )  = 1 2 .4 6 e V ,  a r e  a s s i g n e d  t e n t a t i v e l y  a s  I ( a ' )  and I ( a 1 ' )  w h e re  t h e s e  
a ’ and a 11 MO's c o r r e s p o n d  t o  4e MO i n  POTCL. T h e s e  a s s i g n m e n t s  m a tc h  
t h e  c o r r e s p o n d i n g  s e t  o f  a s s i g n m e n t s  i n  DECLTPA. The s i x t h  i o n i z a t i o n  
e v e n t ,  1 ( 6 )  = 1 2 .9 0 eV  i s  t e n t a t i v e l y  a s s i g n e d  a s  I ( a ' ) ,  w h e re  t h i s  a '
MO i s  d e r i v e d  f ro m  5a^ MO i n  POTCL. T h i s  a s s i g n m e n t  i s  c o n s i s t e n t  w i t h  
I ( 5 a ^ )  = 1 2 .2 0 e V  i n  DECLTPA. A l s o ,  t h i s  a s s i g n m e n t  a g r e e s  w e l l  w i t h
I ( 5 a ^ )  = 13 .4 6 eV  i n  POTCL. The s e v e n t h  i o n i z a t i o n  e v e n t ,  1 ( 7 )  = 1 3 . 7 0  
eV i s  t e n t a t i v e l y  a s s i g n e d  a s  I ( a ' ) ,  w h e re  t h i s  a '  MO i s  r e l a t e d  t o  3e 
MO i n  POTCL. T h i s  a s s i g n m e n t  m a t c h e s  w e l l  w i t h  I ( 7 e)  = 1 3 .8 4 eV  i n  
POTCL.
I n  DMMPNA, 1 (1 )  = 1 0 . 7 l e V  i s  t e n t a t i v e l y  a s s i g n e d  a s  I ( a ' ) ,  w h e re  
t h i s  a* MO i s  r e l a t e d  t o  5e MO i n  POTCL. The s e c o n d  i o n i z a t i o n  e v e n t ,  
1 ( 2 )  = 1 1 .2 6 e V ,  i s  a s s i g n e d  t e n t a t i v e l y  a s  I ( a  ' ) ,  w h e r e  t h i s  a ' MO i s  
d e r i v e d  f rom  la  ^ MO i n  POTCL. The t h i r d  i o n i z a t i o n  e v e n t ,  1 ( 3 )  = 1 1 . 8 3  
eV, i s  a s s i g n e d  t e n t a t i v e l y  a s  I ( a ’ ’ ) ,  w h e re  t h i s  a 1 ' MO c o r r e s p o n d s  t o  
5e MO i n  POTCL. T h i s  a s s i g n m e n t  a g r e e s  w e l l  w i t h  t h e  a s s i g n m e n t  o f  1 (3 )  
a s  I ( a r i ) i n  DECLPAE ( 1 ( 3 )  = 1 1 . 7 4 e V ) ,  w h e re  t h i s  a 1 ’ MO c o r r e s p o n d s  
t o  5e MO i n  POTCL. I n  t h i s  compound,  1 ( 4 )  = 1 2 .3 7 e V  i s  a s s i g n e d  t e n t ­
a t i v e l y  a s  I ( a ' )  w here  t h i s  a 1 MO i s  d e r i v e d  f rom  4e MO i n  POTCL. The 
f i f t h  i o n i z a t i o n  e v e n t ,  1 ( 5 )  = 1 2 .6 5 e V ,  i s  a s s i g n e d  a s  I ( a ' ) ,  w he re  
t h i s  a* MO c o r r e s p o n d s  t o  5a^ MO i n  POTCL. T h i s  a s s i g n m e n t  com pares  
f a v o u r a b l y  w i t h  I ( 5 a ^ )  = 1 2 .7 0 e V  i n  TMPA The s i x t h  i o n i z a t i o n  e v e n t ,  
1 (6 )  = 1 2 .6 5 e V ,  i s  t e n t a t i v e l y  a s s i g n e d  as  I ( a , ? ) ,  w h e re  t h i s  a ' 1 MO 
i s  r e l a t e d  t o  4e MO i n  POTCL. The s e v e n t h  i o n i z a t i o n  e v e n t ,  1 (7 )  = 
13 .60eV  i s  a s s i g n e d  a s  I ( a ' )  w h e re  t h i s  a '  MO c o r r e s p o n d s  t o  3e MO i n  
POTCL. T h i s  a s s i g n m e n t  i s  i n  a g r e e m e n t  w i t h  t h e  c o r r e s p o n d i n g  a s s i g n ­
m en t  o f  1 ( 7 )  a s  I ( a ' )  i n  DECLPA.
The CNDO/2 c o m p u t a t i o n a l  r e s u l t s  p r e s e n t e d  i n  f i g u r e  8 r e p r o d u c e  
t h e  o r d e r i n g  o f  MO's a s  o b s e r v e d  i n  UPS w i t h  a few e x c e p t i o n s .  I n  
DEDTPA, t h e  a ' 1 MO w h ic h  i s  d e r i v e d  f rom  l a £  MO i n  POTCL i s  m i s p l a c e d .
I n  DECLTPA and DMMPNA, t h e  a '  MO w h ic h  c o r r e s p o n d s  t o  5a^ MO i n  POTCL 
i s  m i s p l a c e d .  However,  t h e  f a i l u r e  t o  p r e d i c t  t h e  c o r r e c t  l o c a t i o n  o f  
5a^ MO may be an  o d d i t y  o f  t h e  CNDO/2 m e t h o d . ^  I n  DECLPA, t h e  a , !  MO,
w h ic h  i s  d e r i v e d  f rom  t h e  5e MO o f  POTCL i s  m i s p l a c e d .
I I I .  CONCLUSIONS
T h i s  w ork  su m m a r ize s  and a n a l y z e s  t h e  UPS r e s u l t s  o f  p h o s p h i t e s ,  
p h o s p h a t e s  and  s u b s t i t u t e d  p h o s p h a t e s .  The s a l i e n t  f e a t u r e s  o f  t h i s  work 
a r e :
(1) A s s ig n m e n t  o f  t h e  UPS o f  p h o s p h i t e s ,  p h o s p h a t e s ,  and  s u b s t i t ­
u t e d  p h o s p h a t e s  h a v e  b e e n  made.
(2) The ch an g e  o f  s p e c t r a l  f e a t u r e s  o f  p h o s p h i t e s  r e l a t i v e  t o  
t h o s e  o f  p h o s p h a t e s  h a s  b e e n  e x p l a i n e d  u s i n g  t h e  a - d o n a t i o n  and  TT- 
a c c e p t a n c e  p r o p e r t i e s  o f  p h o s p h i t e s .
(3) The e f f e c t s  o f  s u b s t i t u t i o n  a s  w e l l  a s  symmetry  l o w e r i n g  have  
b e e n  u t i l i z e d  t o  e x p l a i n  t h e  change  i n  s p e c t r a l  f e a t u r e s  o f  p h o s p h a t e s  
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